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Summary 
A number of quinoxalinium perchiorates have been prepared by the 
reaction of the corresponding quinoxa].inone N-oxide with acetic 
anhydride in the presence of perchioric acid. The reactions of 
these quinoxaliniuxn perchiorates with nucleophiles have been 
investigated. With anions (acetate, chloride, thiocyanate and 
hydroxide ion), the quinoxalinium perchlorates gave 7-substituted 
quinoxalinones. The facility with which the quinoxalinium 
perchiorates undergo nucleophilic substitution is demonstrated by 
the reaction of k..N-acetoxy-6-chloro-1 ,2-dihydro-1-methyl-2-oxo- 
_phenyjLquinoxa1iniumperchlorate with water to give 
6_chloro_7_hydroxy_1-rnethyl_3-phenyl2uinoxalin-2( 111)-one, The 
quinoxalinium perchiorates also react in geieral with alcohols to 
give 7-alkoxy derivatives. The reactions of the quinoxaliniutn 
perchiorates with amines have also been studied. In some cases 
reaction with diethylamine gives 7-diethylamino quinoxalinone 
derivatives. In other cases, reaction with morpholine or 
diethylwnine gives intermediate quinoxalinone adducts. The 
structures and transformations of these adducts support the mechanism 
suggested for the reaction. of the quinoxaliniuzn perchiorates with 
nucleophiles. 
A number of 2nitroanilinoacetonitriles have been prepared by 
the reaction of 2-nitroanilines with formaldehyde and sodium cyanide 
in the presence of zinc chloride. The 2-nitroanilinoacetonitriles 
undergo base-catalysed cyclisation providing a synthetic route to 
2-cyano-1-hydroxybenzimidazoles. This type of cyclisation was 
extended to C -substituted 2-nitroanilinoacetonit riles. 
04 _(2-Nitroanilino)phenylacetonitrile undergoes base-catalysed 
cyclisation to give 1-hydroxy-2-phenylbenzimidazole. However, 
the attempted cyclisation of o(-(2-nitroanilino)propionitrile was 
unsuccessful. On the other hand, the cyanomethylation of 
N-substituted 2-nitroanilines gives N-substituted 2-nitroanilino- 
acetonitriles which undergo base-catalysed cyclisation providing a 
general route to 1..hydroxybenzimidazolinones. The attempted 
reactions of N-substituted 2-nitroanilines with acetaldehyde or 
benzaldehyde and sodium cyanide in the presence of zinc chloride 
were unsuccessful. Reaction of the 1-hydroxybenzimidazolinones with 
acetic anhydride under mild conditions gives N-acetoxy derivatives 
which undergo rearrangement to 5-acetoxybenzimidazolinones when 
heated under reflux in toluene, ethanol or glacial acetic acid. 
The reactions of 1-hydroxybenzimidazolinones with hot acetic 
anhydride and acid chlorides (acety. chloride, acetyl bromide, 
benzoyl chloride and toluene-p-sulphonyl chloride) lead to a variety 
of 5-substituted benzimidazolinones. The mechanisms of these 
reactions are discussed. 
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One of the earliest examples of the synthesis of aheterocyclic 
N-oxide was the preparation of "oxycarbostyril" in 1881 by 
Ostermaier and Friedlander
•1 	I
, when studying the reduction of ethyl 
o-nitrocinnarnate (i). "Oxycarbostyril" was later shown by 
Friedliinder2 to be carbostyril N-oxide (2). Mei6e111eimer 3 first 
prepared pyridine N-oxide by perbenzoic acid oxidation of pyridine 
C H=C H-COEt  








in 1926. The number of N-oxides which were synthesised increased 
steadily and by the end of the 1930's they were, a well recognised 
group of compounds. 
Interest in the chemistry of heterocyclic N-oxides was 
enhanced by the discovery that certain biologically active natural 
products contained the N-oxide functional group [e.g. the 
antibiotic iodinin1 (1,6dihydroxyphenazine N,N-dioxide) (3)]. 
A more important development in the chemistry of heterocyclic 







pyridine N-oxide (k) was much lower than expected. He concluded 
that this was due to conjugation of the negatively charged oxygen 
atom with the ti-electrons of the aromatic ring (l)• The shift 
of electrons from the oxygen atom to the aromatic ring partially 
cancels the dipole moment of the N-oxide group. This indicated 
that the canc'.iical forms (5) and (6) must make a significant 
contributiozi to the resonance hybrid. This work led Ochiai to prea.iet 
C:I~ n 
(Li.) 	 (5) 	 (6) 
that electrophilic substitution in pyridine 11-oxide would take 
place in the 4-position and this he also proved experimentally. 
The resonance structures (7) and (8) also contribute to the 
resonance hybrid due to polarisation in the opposite direction. 
Katritzky has shown this by comparison of the dipole moment of 
pyridine with those of '-substituted py'ridines7. He showed that 
3 







the difference between the dipole moments of pyridine and pyridine 
N-oxide was increased by electron donating groups and decreased by 
electron withdrawing groups in the 6 -position. This indicated 
that the electronic shift shown by the curved arrow in resonance 
structure (7) was greater in pyridine N-oxide than in pyridine 
The fact that the N-oxide group is po.!arised in both 
directions accounts for the great variety in the reactions of 
heterocyclic N-oxides and is responsible for the fact that 
heterocyclic N-oxides can react with both nucleophiles and 
electrophiles. Since the experimental section of this thesis 
deals with nucleophilic attack on N-oxygenated heterocycles, only 
the reactions of heterocyclic N-oxides with nucleophiles will be 
discussed in detail in this introduction. 
1.2 Reactions of Heterocyclic N-Oxides with Nucleophiles 
Heterocyclic N-oxides can undergo nucleophilic attack in 
two ways:- 
(a) At the N-oxide group 
nx~ 
	
0 -I- Nu-0- 
o-/-- 
Nu 
(9) 	 (10) 
k 
(b) At the rq 
II  Nu 
I 
(~ Itc Nu Nu 	H 
0 	0- 
(ii) 	 (12) 	 (13) 
NNu 
(1k) 
Reactions Involving Nucleophilic Attack açyge . 
An Example of nuc].eophilic attack at the N-oxide oxygen atom 
is deoxygenation of heterocyclic N-oxides (9-1O) to the parent 
heterocycle. This is the simplest type of reaction between a 
heterocyclic N-oxid and a nucleophile. Reagents which can be 
used for this reaction include phosphorus trihalides and trialkyl 
and triaryiphosphite esters. 
Reaction Involving Nucleophilic Attack On the Ring 
It should be noted that many reactions involving nucleophilic 
attack at a ring carbou atom occur by preliminary co-ordination 
between the oxygen atom of the N-oxide and an electrophile. 







adducts (15—'16) which may be stable or which may undergo subsequent 
reaction depending on the reagent and the reaction conditions used. 
5 
Such electrophilic attack at oxygen is exemplified by:-
(i) Addition of a proton 
Heterocyclic N-oxides are weakly basic and form salts with 








(ii) O-Allçylation of N-Oxides 
Heterocyclic N-oxides react with halogen compounds to give 
quater-nary salts which are usually very reactive and can seldom 
be isolated. However, the salts derived from alkyl halides 
(19 - 2O) and suiphonates are isolable. These quaternary salts (20) 
8 





(20) is sterically hindered by substituents in the 0( -position and 
is electronically inhibited by electron withdrawing substituents in 
the 	or '-positiona of the ring. 
(iii) 0-Acylation of N-Oxides 
N-Oxides react with acylating agents to form N-acyloxy 
quaternary salts (21 —'22). The N-acyloxy quaternary salts (22) 
are very reactive and are somewhat difficult to isolate. However, 
(Rco)20 
RCOC1 or 
L I 	X 
OT 0 NCO 
R" 
(21) . 	 (22) 
X = RCa2 or Cl 
the use of the poorly nucleophilic perchiorate ion as the counterion 
in these salts has a stabilising influence and Traynelis 9 has 
reported the isolation of a series of 1-acetoxypyridinium 
perchiorates. Relatively stable I ...acyloxypyridinium perchloratea 
10 
have also been prepared by Muth and Darlak . Quinoline N-oxides 
are also reported to form relatively stable Nacetoxy 
10, 11, 12 
perchioratea 
As discussed earlier, the presence of a positively charged 
nitrogen atom in the ring in heterocyclic N-oxides causes 
polarisation of the ring 11 -electrons towards the nitrogen atom and 
.onsequently, heterocyclic N-oxides can undergo nucleophilic attack 
at the position o( and to the N-oxide group [Cf. (4) 	(7) 	(8)]. 
Normally only the strongest nucleophiles (e.g carbanious derived 
from organometallic reagents) can attack an unactivated ring 
containing an N-oxide group (ii -c.ik). More commonly, nucleophilic 
attack is preceded by co-ordination by an electrophilic species at 
the N-oxide oxygen (15 -i6) followed by nucleophilic addition 
U 
(16--23). Elimination (23-i 14 ) then gives the final product. 
°2E 
(15) 
Reactions of this 
or i-substituted 
occur (2426). 13 
01 ®r",~' N 	 Nu U 
OE 	CO E 
(16) 	 (23) 	 (1 1+) 
type usually result in the formation of an CK-
heterocycle (15-ilk) but rearrangements can also 
In general, nucleophilic attack takes place at 
Oki"CH3 riCH3 	N 
OAc 
(24) 	 (25) 	 (26) 
the O(-position but if this is blocked, attack can occur at the 
'6 -position. If both the o( - and X-positions on the heterocyclic 
ring are blocked, attack can occur on a fused benzene ring, 
e.g. 1-methyl-3-phenylquinoxalin-2(IH)-one k-N-oxide (2?)  when 
heated under reflux with acetyl chloride in acetic acid gives 
7-chloro- 1 -methyl-3-phenylquinoxalin -2( 1H)-one (28) 
 14 
H 3 	 CH 3 
o _ cjNo AcCl 
Ph Ph 
0- 
(27) 	 (28) 
Nucleophilic substitution reactions of heterocyclic N-oxides 
are exemplified by:- 
1.3 Reaction with Acetic Anhydride 
The first reaction of a heterocyclic N-oxide with an acylating 
agent was carried out by Katada 15 who reported that pyridine 
N-oxide (k) when treated with acetic anhydride gave 2-acetoxy-
pyridine (29) which was hydrolysed in the course of the work up 





NOH (:N: 0 
H 
(Lf) 	 (29) 
	
(30) 	 (31) 
if both the G-positions are blocked, substitution can take place at 
the W -position. However, if a methyl group is present in the 
Q-position, rearrangement can occur (21+.26) 13 . In a benz-fused 
heterocyclic N-oxide where the 0c- and '-positions are blocked, 
the acetoxy group is introduced into the benzene ring. Thus 
1-methyl-3-phenylquinoxalin-2(1H)-one k-N-oxide (27) when treated 
with hot acetic anhydride yields 7-acetoxy- 1 -methyl-3-phenyl- 
14 






(27) 	 (32) 
step 2 	 0 Ac 





Q. 	 0Ac 	 COAc 







reacts with acetic anhydride at room temperature to give 3-acetyl-








benzimidazole 1-oxides (35) react with acetic anhydride to give 
17 5-acetoxybenzimidazoles (36). 
R 	 R 
J( R 	
AcO ACO 	INN 2 	LJ/>R 
U- 
(35) 	 (36) 
18 19 9 20 The ionic mechanism which has been proposed 	for the 
reaction of pyridine 1-oxide (k) with acetic anhydride i8 outlined 
in scheme 1. The initial step in the reaction (step 1, scheme 1) 
is electrophilic attack by the acetic anhydride at the N-oxide 
oxygen to produce the 1-acetoxypyridiniurn etate (37) (cf. 15-16) 
which i8 in equilibrium with the N-oxide (b). The 1-acetoxy-
pyridinium acetate (37) then undergoes nucleophilic attack by 
acetate ion (step 2, scheme 1) to give the intermediate (38) which 
loses the elements of acetic acid (step 3, scheme 1) to give the 
observed product (29). 
There is no direct evidence to support the equilibrium 
10 
(437) in the reaction of pyridine N-oxide with acetic anhydride 
but isotopic labelling studies of the reactions of 2-alkylpyridine 
N-oxides with acetic anhydride support the existence of such an 
equilibrium MarkgraflB  has investigated the kinetics of the 
reaction of pyridine N-oxide (k) with excess of acetic anhydride and 
found that the reaction exhibited pseudo first order kinetics. 
This is consistant with intermolecular nucleophilic addition of 
acetate ion to the cation (37) to give the adduct (38) being the 
rate determining step. Markgraf also excluded the intramolecular 
pathway for the rearrangement of the free cation (39 —'29) to the 
product because his kinetic data did not fit the rate expression 










(39) 	 (29) 
was ionic, the kinetic evidence fails to distinguish between an 
intermolecular pathway (37 -v 29) and one involving an intimate ion 









CH 3  co  2 
of4~
Ac 20 	aCH3 step I 	CH 
0- 0. 

















labelling. 0ae19 has studied the reaction of 3.picoline N.oxide (ki) 
18 = 0.20 atom %) with an equiniolar amount of uniformly 
180_labelled acetic anhydride ( 18o = 0.89 atom %) and has found that 
the mixture of 2.acetoxy-3.methylpyridine (42) and 2-acetoxy-5 
-methylpyridine (43) contained 0.73 atom i8, Control experiments 







were carried out which excluded oxygen exchange of the acetoxy 
compound (42) with acetic anhydride or acetic acid. This complete 
oxygen scrambling is best explained by a mechanism involving an 
intermolecular process involving nucleophilic attack by acetate ion 
on an N-acetoxypyridinum cation (, step 2, scheme 1). Qe has 
also used this tracer technique to study the reaction of pyridine 
N-oxide (k) with 180_labelled  acetic anhydride 2O and has confirmed 
Markgraf's result that the rate determining step for the reaction 
is addition of acetate ion at the 2-position of the N-acetoxy-
pyridinium ion (37-.38) (scheme 1). 
The reaction of 2-methylpyridine 1-oxide (24) with acetic 
anhydride to give 2-acetoxymethylpyridine (26) can be explained by 
a variation (scheme 2) of the ionic mechanism for the reaction of 
pyridine N-oxide with acetic anhydride. The initial, step in the 
reaction (step 1, scheme 2) is again the formation of an N-&eetoxy- 
pyridinium acetate (kk) which in contrast to the pyridinium salt (37) 
I r- 
in scheme 1 can now eliminate a proton (step 2, scheme 2) to form 
the anhydro base (45).  The N-0 bond of the anhydro base (45) can 
then.undergo heterolytic fission to give the intimate ion pair ( 1+6) 
(step 3, scheme 2). The final step (step 11, scheme 2) in the 
mechanism is recombination of the ion pair (1+6) to give the observed 
acetoxy compound (2E. The process is an intramolecular rearrangement 
but is not fully concerted. The fully concerted cyclic rearrangement 
of the anhydro base (1+5) to the acetoxy compound (26) has been 
22 	 18 
rejected by Oae 
21, on the basis of his studies using 0-labelled 
acetic anhydride. It should be noted that the anhydro base (1+5) 
could theoretically undergo an intermolecular rearrangement 
(1+7 —..26) to give th observed product. Traynelis 9 in his work on 
the mechanism of the reaction of 2-alkylpyridine N-oxides (1+8) with 







acetic anhydride has isolated N-acetoxypyridinium cations as the 
perchlorates (1+9) and has observed that the conversion of these 





(48) 	 (49) 	 (50) 
CH3CO) 
step I 











CH3CO 2 H 
2 
	NCH 2 CH CO " 
(52) 
step 3 
(53) 	+ 	(37) 	 + 	(51) 
NCH 2 OAc 





perchiorates (49) into the acetoxy derivatives (50) can be carried 
out by the use of a base such as triethylamine. This supports the 
proton abstraction stage (step 2 9 scheme 2) in the reaction 
mechanism. The intramolecular nature of the rearrangement (scheme 2) 
is supported by the fact that in experiments carried out in the 
presence of other ions 
23 such as chloride ion, these lone were not 
incorporated into the product. 
A radical mechanism has also been suggested (scheme 3) to 
account for the reaction of 2-methylpyridine N..oxide (24) with acetic 
anhydride to give 2-acetoxymethylpyridine (26) In this radical 
mechanism, the N-acetoxypyridinium acetate (37) undergoes homolytic 
fission at the N.-O bond producing a radical cation (51) which 
undergoes proton abstraction (step 2, scheme 3) to give the-
2-picolyl radical (52'-c53). This radical then reacts with the 
Nacetoxypyridinium acetate (37) (step 3, scheme 3) to produce the 
product (26) and regenerates the radical cation (51). Another 
possible radical mechanism involves homolytic fi3sic of the N-O 
bond in the anhydro base (45) to give an intimate radical pair (54) 
n N CH 2 







(k5) (5k) (26) 
 
which undergoes an intramolecular rearrangement to form the 
observed product (26) 
14 
The presence of free radicals in the reaction mixture was 
24 
demonstrated by Boekelheide who showed that the introduction of 
styrene into the reaction mixture resulted in the formation of 
polystyrene. However, it was found that the addition of free 
radical inhibitors 
25
to the reaction mixture stopped the formation 
of the polystyrene but- had no effect on the yield of the 2-acetoxy-
methylpyridine (26). This observation excludes the radical chain 
mechanism for the reaction (scheme 3) but does not exclude the 
possibility that an intimate radical pair (54) is formed which is 
enclosed in a solvent cage and is unaffected by free radical 
inhibitors. Iwamura 
26
has studied the reaction of 2-picoline 
N-oxide (24) with actic anhydride in tho hope of detecting CIDNP 
effects. Although acetoxyl radicals were observed in the reaction 
mixture no polarisation was observe( throughout the reaction and he 
concluded that the rearrangement did not appear to proceed by a free 
radical ion pair. However, Iwamura has detected a CIDNP signal in 
the reaction of k-picolne N-oxide with acetic anhydride and has 
cited this as direct evidence for the transient formation of the 
radical pair (55) in the reaction mixture 27 
CH 
.6 N  ')C-CH 
IN 
(55) 
• Evidence supporting the formation of the N-acetoxypyridinium 
cation (56) in the reaction of pyridine N-oxide (1)  with acetic 
15 
28 
anhydride has been obtained by Cohen and fleets who carried out 
cAc 
(56) 
the reaction in the presence of anisole and found that products 
derived from attack by the anisole at the 2-position of the pyridine 
ring were obtained (57-59). Since cations substitute into anisole 










ortho (57) and para (59) isomers predominated in the mixture was 
considered to be indicative of the existence of the cation (56) in 
the reaction mixture. Cohen has reported similar work in the 
reaction of 2- and 1+pico1ine N-oxide with acetic anhydride 30, 
which supports the formation of the ion pair (1+6) (step 3, scheme 2) 
in the reaction mechanism. 
16 
1.1+ Chlorination Reactions 
Heterocyclic N-oxides react with phosphorus oxych].oride, 
phosphorus pentachioride or suiphuryl chloride to give chlorinated 
heterocycles 31. These reactions can be explained by mechanisms 
similir to that illustrated for phosphorus oxyclitoride (scheme k). 
The N-oxide group of the pyridine N-oxide (k) coordinates with the 
phosphorus oxych].oride to give the cation (60) which then undergoes 
®r POC 	 - 	 CL N 	 N Ct 	(N tz L 
0 0P0C12 c6poc[2 
('+) 	 (60) 	 (61) 
1 
I  nr~ , 
(62) 
scheme 1+ 
nucleophilic attach by chloride ion at the 2-position giving the 
intermediate (Ci). Expulsion of the leaving group on the nitrogen 
gives the 2-chlorinated heterocycle (62). 
1.5 Reaction with Water or Hydroxide Ion 
Some heterocyclic N-oxides readily undergo nucleophilic 
substitution by hydroxide ion or water to give o( -oxo derivatives. 
Thus 3-ethoxyquinoxaline 1-oxide (63) is converted by aqueous 











rii _ 	11 
NO 	 NOH 










Nucleophilic attack by hydroxide ion on heterocyclic N-oxides also 
OCCUXB in the presence of toluene-p-sulphonyl chloride in an aqueous 
alkaline medium. Thus quinoline 1-oxide (65) is readily converted 
into 2-hydroxyquinoline (68) as shown in scheme 
512, 
 The N-oxide 
oxygen of the quinoline 1-oxide (65) coordinates with the toluene-
-p-sulpbonyl chloride giving the intermediate (66). Nucleophilic 
attack by hyc'-oxide ion at the 2-position of the intermediate (66) 
gives the 2-hydroxy intermediate (67) which by elimination of the 
leaving group on nitrogen gives 2-hydroxyquinoline (68) which is 
tautomeric with the o(-oxo derivative (69). 
1.6 Reaction with Alcohols 
An example of nucleophilic attack by alcohols is the conversion 
of 1-alkoxybenzirnidazoles (70) into 2-alkoxy derivatives (71) by 
heating under ieflux in the alcohol 33.  
ON 
OR 	 OR 
R'O H 
1IIIIII\>-o R" N 
(70) 	 (71) 
lo 
1.7 Reaction with Cyanide Ion 
Heterocyclic N-oxides react with benzoyl chloride and aqueous 
potassium cyanide to give O -cyano derivatives (74). The course of 
this transformation which is analogous to the Reissert reaction is 














4-cyano-2-phenylquinoline (76) 34 . Pyridine N-oxide fails to react 










1.8 Reaction with Orgnometallic Rgerits 
Heterocyclic N-oxides react with Grignard reagents and 
organolithium compounds to give o( -alkyl and O( .-aryl heterocycles 
(scheme 7). The Grignard reagent coordinates with the oxygen of 




0 	 OMgX 
(77) 	 (78) 
NR N(%NR 
OMgX 
(8o) 	 (79) 
scheme 7 
nucleophilic attack by the carbanion to yield the intermediate (79). 
Elimination of Mg(OH)X from the intermediate (79) gives the final 
product (80). This type of nucleophilic substitution is illustrated 
by the reaction of pyridine N.oxide with phenylmagnesium bromide to 
give 2.-phenylpyridine (81). 






1.9 Reaction with Amines 
In general, amines are not sufficiently nucleophilic to attack 
simple heterocyclic N.oxides unless these are in the form of 
quaternary cations (82) or adducts with Lewis Acids (83). Amino 
20 
cc, 
c R 	 OBF3 
(82) 	 (83) 
compounds react with 1alkoxybenzimidazolium salts (84) to give 
products of the type (85)36. 
	
CH3 	 CH3 
/> 
RNH 2 	
fIIItI> N H 
OR 
(8k) 	 (8) 
Heterocyclic N-oxides react with pyridine in the presence of 
toiuene-p-sulphonyl chloride to give quaternary salts, substitution 
taking place at the o( - or -position. Thus k-methylquinoline 
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The N-oxide (27) has been found to react with hot acetic 
14,38 
anhydride 	to produce the 7-acetoxy derivative (32). In contrast 
CH3 
X 
 N O 
+ " T- r N Ph 
0H3 







3-arylquinoxalin-2(1H)-one k-N-oxides (89) have been found to 
undergo ring contraction when heated with acetic anhydride to give 
1-acetyl-3-acylbenimidazolin-2-ones (91) u:' I ,3-diacetyl- 
38 
benzimidazolin-2-ones (92) . The diacetyl derivatives were formed 
by extending the reaction time from 3 ii to 10 h. The mechanism 
suggested by Ahniad 
38
for this ring contraction is shown in scheme 8. 
This ring contraction was found to be general for quinoxaline 
N-oxides with a substituent at C-2 9 a carbonyl group at C.-3 and a 
free hydrogen at N- 1+. It has also been observed 
39 
 that if a methyl 
group is present at the 7-position in the quinoxa].ine N-oxide then 
treatment with acetic anhydride gives a 7-acetoxymethyi derivative 
(93 -e9Li). 
0H3 

























As discussed in the introduction (chapter one) the reaction of 
a heterocyclic N-oxide with acetic anhydride is believed to proceed 
by initial coordination by acetic anhydride at the N-oxide oxygen 
atom with the formation of a quaternary N-acetoxy acetate. Thus as 
shown in scheme 9, the N-oxide (27) forms the quinoxaliniuxn acetate 
(95) which then reacts further to give the observed product (32).1 4,38 
Substitution takes place .at the 7-position, which is unusual since 
this position is not conjugated with the N-oxide group. 
Nucleophilic substitution in heterocyclic N-oxides normally takes 
place at a position which is conjugated with the N-oxide group 
e,g.pyridine I-oxide undergoes nucleophilic substitution at the c - 
and ' -positions. Since the acetoxy group is introduced into the 
7-position in the product (32) it is unlikely that the rearrangement 
(schie 9) goes via an intramolecular process, because the centre of 
attack is too far'removed from the N-acetoxy group. If it is 
assumed that the rearrangement (scheme 9) is an intermolecular 
process, replacement of the acetate ion in the quinoxalinium acetate 
(95) by the poorly nucleophilic perchiorate ion should prevent the 
formation of the 7-acetoxy derivative (32). Indeed, by isolating the 
quinoxalinium cation as the perchiorate (96) 9 it should be possible 
to introduce other nucleophiles into the molecule in place of the 
















was therefore to discover whether quinoxaliniuni perchiorates of 
the type (96) were isolable and then to attempt their reaction with 
a variety of nucleophiles. 
As mentioned in chapter one, Traynelis 9 has isolated a 
series of 1-acetoxy-2alkylpyridinium perchiorates (98a) and has 
found that in the presence of a base 3uch as triethy].amine these 
perchiorates rearrange to give the acetoxy derivatives (99a). 
However, since the reaction of 2-alkylpyridine N-oxides with acetic 
triethylamine 
1i iCH 2 R 
OAc 
0104 
R 	(98) 	 R 
Alkyl (a) 	 Alkyl 





anhydride is an intramolecular process, this reaction is not 
strictly analogous to the reaction of the N-oxide (27) with acetic 
10 
anhydride (scheme 9). Muth and Darlak have prepared 1acetoxy- 
2-methylpyridinium perchiorate (98b) and he shown that it reacts 
r 
with sodium acetate in glacial acetic acid togive 2-acetoxymetbyl-
pyridine (99b). 1-Acetoxy-2-methylquinolinium perchiorate (100) has 
also been prepared and has been found to react with sodium butyrate 
10 
in butyric anhydride to form 2-quinolylmethylbutyrate (101). 
24 
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1-.Acetoxyquinolinium perchiorate (102) has been shown '° to react 
with potassium cyanide in glacial acetic acid and acetic anhydride 
to give 2-cyanoquinoline ( 103). 
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2.2 The Synthesis of 4-N-Acetoxy1,2-dihydro-3-phenylguinoxalinium 
Perchiorates 
The quinoxalinium perchiorates ( 1 05a-j) and (107a-c) were 
obtained in good yield by the reaction of the N_oxide3s92[(10k), 
scheme 10 and (106), scheme 11  with acetic anhydride in the presence 
of perchior ic aci. The quinoxalinivm perchiorates were yellow to 
red crystalline solids which were unstable in the presence of air 
and light and which rapidly decomposed at room temperature to brown 
intractable gums. For this reason, no attempt was made to record 
their melting points. 
The 6-methoxy perchlorate (105d) was the least stable of the 
1-N-methylquinoxaliitium perchiorates (105a-e) and could only be 
handled as a suspension in dry ether. The parent quinoxalinium 
perchlorate (105a) was slightly leEs stable than the 6-chioro 
compound (105b), the 6-methyl compound (105c) and the 1,6,7-trimetbyl 
compound (105e).  The perchlorates(105f-j) which did not have a 
substituent in the 1-position were considerably more stable than the 
perchlorates ( 105a-e), possibly because of the tautomerism which the 









c 1 oi- 
(108) 
In the preparation of the perchlorates(107 a and b) from 
N-hydroxyquinoxaline N-oxides (106 a and b), the N-hydroxy group 
26 
was acetylated to an N-acetoxy group during the reaction. This was 
apparent from the presence of a carbonyl band at 1810 cm- 	the 
i.r. spectra of these perchiorates (107 a and b) which is 
characteristic of a cyclic N-acetoxy group. 43 
The structures of the quinoxalinium perchiorates (105a-j) and 
(107 a and b) were elucidated by spectroscopy. Their i.r. spectra 
contained an absorption band at 1845-1830 cn(1 which is characteristic 
+ 	10 	1 
of a cyclic N,OAc group. The H n.m.r. spectra of the perchiorates 
showed a peak at 'r 775 - 7,80 which corresponds to the grouping 
+ 	 I N.OAc. However, in the H n.m.re spectra of the perchiorates 
(105 a,c and e) this signal at t 7.75 integrated for more than three 
protons. This is probably due to slight contamination of the 
perchiorates by acetic acid and acetic anhydride which show 
H n..r, absorption at 	7.76 and 17.75 respectively in 
trifluoroacetic acid. These perchiorates (105 a,c and e) cannot 
be dried thoroughly at room temperature due to their instability. 
The possibility that in trifluoracetic acid the N.-acetoxy 
group of the perchiorate (105b) was being solvolysed to the N-oxide 
(104b) and the anhydride (109) (scheme 12) was excluded by comparison 
of the 1 H n.m,r. spectrum of the perchiorate (105b) in trifluoracetic 
acid with that of the corresponding N-oxide (10kb) in the same solvent. 
• 
CH 
C1 Jc L Ph 
(10kb) 	+ 












In the H n.m.r. spectrum of the perchiorate (105b) H-5 absorbs at 
-t 1.57 while in the 1H n.m.re spectrum of the N-oxide (104b), H-5 
absorbs at 't 142, and the two spectra are different. 
The mass spectrum of the parent quinoxaliniurn perchlorate 
( 105a) showed a peak at 294 mass units (M) which is one unit leas 
than the molecular weight of the cation of ( 105a). This could be 
due to the formation of the 7-acetoxy derivative (32) which has a 
molecular weight of 294. A similar peak was also observed in the 
mass spectrum of the 6-methoxy perchiorate (105i) at 310 mass units 
(M ' ), the molecular weight of the cation of (1051) being 311. 
Due to the inherent instability of the quinoxalinium 
perchiorates and the fact that a suitable solvent could not be found 
from which they would crystallise unchanged, no attempt was made to 
have .hem analysed. When the perchlorates were treated with dry 
acetone they gave brown intractable gums. k similar result was 
observed with benzene, methylene dichloride and nitroinethane. The 
perchlorates were therefore handled as suspensions in dry ether or 
as solutions in glacial acetic acid. The latter solvent had the 
disadvantage that some solvolysis of the N-acetoxy group back to 
the corresponding N-oxide (105 --- *104) was observed (cf. scheme 12). 
Although some of the reaction of the perchiorates ( 105) were carried 
out in acetontrile, it was subsequently found that in this solvent 
the perchiorate ( 105b) decomposed giving a mixture of the corresponding 





of this reaction is not clear. It is possible however that the 
acetonitrile is being oxidised by the perchiorate (105b) to 
acetonitrile N-oxide. Pyridine N-oxide has been shown to undergo a 
complicated reaction with phenylacetic anhydride in which the 
pyridine N-oxide is reduced to pyridine with concomitant oxidation 
of the &cid anhydride to a carbonyl compound, carbon dioxide and a 
44,45 
carboxylic acid 	However, acetic anhydride does not undergo this 
reaction. It is possible that a related process occurs in 
acetonitrile although the course involved is not clear. 
The N,N-diacetoxyquinoxalinium perchiorates (107 a and b) were 
comparable in stability to the 1-N-methylquinoxaliniuin perchiorate 
( 105a). The 7-chloro perchiorate (107c) however was very unstable 
and decomposed even in suspension in dry ether. The attempt to 
react the perchiorate (107c) with ethanol therefore gave no 
identifiable products. 
The acetic acid - acetic anhydride mother liquors from the 
preparation of the salts (107 b and c) gave moderate yields of 
compounds which are assigned the structures (iii a and b). The 
presence of an N-acetoxy and a C-acetoxy group was shown by the 
OAc 
R2yNO 




characteristic absorptions at Ca. 1800 and 1740 cm7 respectively 
I 
in the i.r. spectra of compounds (lii a and b). The H n.m.r. 
spectra of compounds (iii a and b) contained two absorptions 
assignable to acetoxy groups and two singlets corresponding to H-5 
and H-8. The fact that the C-acetoxy group is in the 6-position is 
shown by the lack f coupling in 11-5 and 11-8. Satisfactory mass 
spectral and analytical data were obtained for compounds (iii a and b). 
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in the presence of perchioric acid to give a good yield of a 
perchiorate whose structure is formulated as (113) or (11 1+). The 
1- 
presence of the N 'OAc group was shown by the characteristic 
absorption at 1820 cm in the i.r. spectrui, The 1   n.m.r. sectL&w O 
the compound indicated the presence of one acetoxy group. On the 
spectroscopic data available, it is impossible to distinguish 
between structures (113) and (lili). On attempted crystallisation 
from ethanol, the perchiorate (113) or (ilk) was converted to the 
di-N-oxide (112) and analytical data for the perchiorate could not 
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2.3 The Reactions of Quinoxalinium Perchioratee with Anions 
(a) Sodium Acetate 
As discussed earlier, the N-oxide (lOka) reacts with hot acetic 
anhydride to give the 7-acetoxy derivative (115a).1 	Since the 
N-acetoxyquinoxalinium acetate (95) has been suggested as the probable 
intermediate 14  inthis reaction, once this intermediate had been 
isolated as the perchiorate (105a), it was of interest to study its 
reaction with sodium acetate in ether and also in glacial acetic 
acid. These reactions gave a good yield of the 7-acetoxy derivative 
(115a) which was characterised by comparison with an authentic sample. 
Thus the fact that the perchlorate (105a) reacts with sodium acetato 
to give the same product (115a) as that obtained in the reaction of 
the N-oxide (lOka) with hot acetic anhydride supports the probability 
that the intermediate in this reaction is the N-acetoxyqulnoxauinium 
acetate (95). The perchlorate (105b) likewise reacted with sodium 
acetate in ether and in glacial acetic acid to give high yields of 
the 7-acetoxy derivative (115b) 
Traynelis9 has reported a reaction similar to those described 
above. He has prepared the deuterated 2-alkyl pyridinium perchiorate 
(116) and has found that this reacts with sodium acetate in the 
presence of acetic acid and acetonitrile to give the rearranged 
ester (117) Eld the N-oxide (118). The fact that the N-oxides 
CD2 ph CN D- Ph 









(iOlf a and b) were not obtained in the reactions of the 
quinoxaliniuni perchiorates (105 a and b) with sodium acetate in. 
glacial acetic acid indicates that nucleophilic attack by acetate ion 
must take place much faster than solvolysis of the N.-acetoxy group 
back to the N-oxide. The ease with which these reactions occur 18 
also demonstrated by the fact that the sodium actatq reacts with 
the quinoxalinium perchiorate even in suspension in ether in which 
the concentration of acetate ion would be expected to be very small. 
As an extension of these studies, the reaction of a 7-substituted 
perchiorate with sodium acetate in glacial acetic acid was carried 
out. For synthetic reasons, the perchiorate (105e) was used. 
This reaction was of interest because with the 7-.;osition blocked, 
the reaction could either take place at the substituent or at some 
other position in the molecule. The product from the reaction 
contained a carbonyl band at 1730 cm- 1 which is characteristic of 
a C-acetoxy group. However, when the product was purified by 
column chromatography on alumina, the 7-hydroxymethyl derivative 
(115d) waz obtained in good yield and was characterised by 
comparison with an authentic sample 	It seems probable that the 
initial product from the reaction is the 7-acetoxymethjl compound 
(115c) which then undergoes hydrolysis on the alumina column to the 
7-hydroxymetbyl compound (115d). Thus the reaction of sodium acetate 
with the perchiorate (105e) gives the same product as is obtained on. 
treatment of the N-oxide (lOke) with hot acetic anhydride o 1 4,39 
In view of the ring contraction observed 8 when 
3.-arylquinoxalin-20H)-one k-N-oxides (89) are heated with acetic 
anhydride, it was of interest to prepare the perchiorate (105f) in 


















to give a 7-acetoxy derivative (115) or whether it would give a 
ring contracted product. The reaction was initially carried out in 
dry ether. After the addition of ethanol to destroy any unreacted 
perchlorate, the product obtained was washed with light petroleum 
and. then chromatographed on silica. The only product identified 
from the column was 7-ethoxy-3-phenylquinoxalin-2(IH)-one  (119). 




(119) and another compound which contained only aromatic protons. 
This was established by comparison of the 1H n.m.r. spectrum of the 
mixture with the 	n.m.r. spectrum of a pure sample of the 7-ethoxy 
compound (119). However, ethyl benzoate was also isolated suggesting 
that some ring contraction had taken place. Formation of ethyl 
benzoate as a by-product is explained by the reaction mechanism 
outlined in scheme 13. The perchiorate (105f) undergoes nucleophilic 
attack by acetate ion at the 2-position giving the intermediate (120). 
Ring contraction of (120) as shown then gives the benzimidazolin-
2-one (121) which undergoes solvolysis by ethanol to give the 
benzimidazolin-2-one (122) and ethyl benzoate (scheme 13). 
In contrast to the reaction in dry ether,reaction of the 
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Perchlorate (105f) with sodium acetate in glacial acetic acid, 
resulted in some solvolysis of the N-acetoxy group back to the 
N-oxide (104f). A solid was also obtained which contained an 
absorption band at 1755 cm 	its i.r. spectrum and a peak in 
its. 'H n.m.r. spectrum at 17.51. These spectroscopic properties 
are characteristic of a C-acetoxy group. The integration of the 
1H n.m.r. spectrum however indicated that the product was not 
homogeneous, because the integral due to the aromatic proton 
resonances was much larger than it should be if the solid were a single 
compound containing an acetoxy group. The mass spectrum of the solid 
contained a peak at 280 mass units corresponding to the molecular 
weight of the 7-.acetoxy derivative (115e) and a peak at 238 mass 
units corresponding to the N-oxide (iokf). The tl,c. of the mixture 
is organic solvents over silica and alumina indicated a single 
component and since both components are acidic, their separation by 
column chromatography was not attempted. Attempts to separate the 
mixture by crystallisation were unsuccessful and thus a pure sample 
of the 7-acetoxy compound (115e) was not obtained. 
The Perchlorate (105j) reacted with sodium acetate in ether to 
give a low yield of the N-oxide (iokj) which was characterised by 
comparison with an authentic sample. No product containing an 
acetoxy group was isolated from the reaction mixture. 
The scope of the reactions of the quinoxaliniuin perchlorates 
[( 105)and (107)] with other anions was also investigated. 
(b) Lithium Chloride 
The Perchlorate (105b) was found to react with lithium chloride 
in dry ether to give a moderate yield of the 6,7-dichioro compound 
(1159 and a low yield of the 7hydroxy compound (115g). These 
34 
products, which were characterised by comparison with authentic 
samples, 
14.
must be derived by nucleophilic attack on the perchiorate 
(105b) by chloride ion and hydroxide ion or water respectively. 
The perchlorates (105 b and c) also reacted with lithium 
chloride in glacial acetic acid to give moderate yields of the 
7-chloro derivatives 0 15 j and k) respectively. Zc1volyeis of the 
perchiorates (105 b and c) also occurred giving good yields of the 
corresponding N-oxides (104 b and c) (. scheme 12). The 7-chioro 
derivatives (115 j and k) were characterised by comparison with 
authentic samples. 
The effect of having a substituont in the 7-position was again 
investigated by reacting the perchiorate (105e) with lithium chloride 
in glacial acetic acid. The main product obtained in good yield 
from this reaction was the N-oxide (lOke). Two nionochloroquinox&.inone 
derivatives were also isolated in low yield. The 1 H n.m.r. spectra 
of these monochioro compounds lacked benzyl absorption indicating 
that no attack on the 6- or 7-methyl groups had take place. The 
n.m.r. spectra of the monochloro compounds contained single 
aromatic proton resonances at t 2'42 and 't' 3.10 respectively. 
These compounds are therefore designated as the 8-chioro (123) and 
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Cl 
(123) 	 (124) 
spectra of the quinoxalinones studied in this work, the proton at the 
5-position absorbs at lower field than the proton at the 8-position. 
35 
It should be noted that compound (123) now assigned the 8-chioro 
structure was obtained previously by treatment of the N-oxide 
(lOke) with acetyl chloride and incorrectly assigned the 5-chioro 
14 
structure. 
The reaction of the unsubstituted perchiorate ( 105f) with 
lithium chloride il"A glacial acetic acid gave a high yield of the 
corresponding N-oxide (lOkf). The N-oxide (lOkf) could be formed 
by solvolysis of the perchiorate ( 105f) by acetic acid (cf. scheme 12) 
or by nucleophilic attack by chloride ion at the N-acetocy group 
















N-acetoxy quaternary salt to give the corresponding N-oxide has been 
reported as a characteristic reaction of such compounds by Muth and 
Darlak 
10 
 and also by Traynelis. 
9 
 
The 1,4-diacetoxy perchiorate (107a) also reacted with lithium 
chloride in glacial acetic acid to give a good yield of the 
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0 
(125) 
with an authentic sample Y4  No product corresponding to attack on 
the perchiorate (107a) by chloride ion was isolated in this experiment. 
Lithium Bromide 
The perchiorate (105b) reacted with li'.hium bromide in glacial 
acetic acid and also in dry ether to give high yields of the N-oxide 
(104b). These reactions probably involve attack by bromide ion at 
the N-acetoxy group in the perchiorate (105b) (cf. scheme 14) since 
the perchiorate is stable in dry ether and does not spontaneously 
decompose to the N-oxide (104b). The reaction was worked up by the 
addition of water and only a small amount of the 7-hydroxy compound 
(115g) was obtained. This demonstrates that the perchiorate (105b) 
had largely been converted into the N-oxide (104b) in the reaction 
mixture before the addition of the water since the perchiorate (105b) 
reacts with water to give the 7-hydroxy compound (115g) and not the 
N-oxide (104b). 
Sodium Thiçyanate 
Sodium thiocyanate reacted with the 6-chloroquinoxaliniurn 
perchiorate (105b)  in glacial acetic acid to give moderate yields of 
the 7-thiccyanato compound (1151), and the N-oxide (104b) and a low 
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- 	 Cl 	(b) 
was confirmed by comparison with an authentic sample. 	The 
7-thiocyanato compound (1151) was also obtained in lower yield by 
carrying out the reaction in dry ether. The i.r. spectrum of (1151) 
contained a band at 2200 cm-1 which is characteri:tic of a thiocyanato 
group. In tb? 1H n.ui.r. spectrum of (115i) there were two singlete 
corresponding to two aromatic protons. The absence of any splitt.ng 
in these singlets uniquely defines the position of substitution in 
the molecule as C-7 since substitution at any other site would lead 
to observable splitting in the aromatic protons. The mass spectrum 
and the analyGis of (1151) were also in accord with the assigned 
am. 
Sodium Amide 
The perchiorate (105b) reacted with sodium snide in ether to 
give a low yield of the deoxygenated compound (IlOb). As mentioned 
previously, the formation of this product in these nucleophilic 
substitution reactions is difficult to rationalise. 
Metal Cyanides 
As mentioned earlier, 1-acetoxyquinoliniuni perchiorate (102) 
has been found to react with potassium cyanide in acetic acid and 
acetic anhydride to give a low yield of 2-cyanoquinoline (103). 
38 
In the present studies, attempts to introduce a cyano group into 
the quinoxaline nucleus by reaction of the quinoxalinium perchiorates 
(105 a and b) with metal cyanides were unsuccessful. The parent 
quinoxalinium perchiorate ( 105a) reacted with aqueous potassium 
cyanide and with sodium cyanide in dimethylformamide to give high 
yields of the 7-hydroxy compound (115h) the structure of which was 
ltf 
ccifirmed by comparison with an authentic sample. 	In the latter 
reaction the 7-hydroxy compound (115h) was probably formed on work 
up since water was added. Similarly, the perchiorate (105b) reacted 
with sodium cyanide in ether to give a high yield of the 7-hydroxy-
6-chloro compound (1159) which was characterised by its 1H n.m.r., 
i.r. and mass spectra and its elementol analysis. When this reaction 
was repeated t'sing silver cyanide and the reaction mixture was 





was obtained indicating that there was a large amount of unreacted 
quinoxa].inium perchiorate (105b) present. A low yield of the 
7-hydroxy compound (115g) was also obtained. 
It would appear from these results that cyanide ion is a poor 
nucleophilé in reactions of the N-acetoxyquinoxalinium perchioratee 
(105 a and b). Any hydroxide ion present in the reaction mixture 
39 
reacts with the N-acetoxyquinoxalinium perchiorate before the 
cyanide ion has a chance to compete. 
(g) Sodium Azide 
The reaction of the perchiorate ( 105b) with sodium azide in 
dry ether produced a low yield of a compound whose spectroscopic 
properties were consistent with the 7-azido-6-chLoro structure 
(115f). The i.r. spectrum contained an absorption band at 
2175 cm7l assignable to the azido-group and the 1H n.m.r. spectrum 
showed two uncoupled single aromatic protons indicating the presence 
of a substituent in the 7-Position. The compound however was 
obtained in low yield and deteriorated on standing. Consequently 
there was insufficient material to fully characte,ise the compound 
(115f) by elemental analysis. 
TS 
20b The Reactions of Quinoxalinium Perchiorates with Alkali 
and Water 
The perch].orate (105a) was found to react with 5M aqueous 
sodium hydroxide to give a good yield of the 7-hydroxy derivative 
(115h). This reaction can be considered as being analogous to the 
reactions of the perhlorates (105) wth anions with the hydroxide 
ion being the nucleophilic species in this case. The facility 
CH 
HOyNfO 




of the formation of the 7.bydroxy derivatives is demonstrated by 
the fact that the perchiorate (105b) reacted with water to give a 
high yield of the 7-.hydroxy compound (1159) which was characterised 
by comparison with a sample obtained before. 
Attempts to react the perchiorates ( 105f) and (107a) with water 
gave brown solids which could not be purified by crystallisation. 
Purification of the solids b column chromatography was not 
attempted since in the case of the perchiorate (105f) the starting 
material is acidic and in the case of the perchiorate (107a) the 
starting material contains an N-acetoxy group which would be 
hydrolysed on the column to an acidic N-hydroxyl group. These 
acidic products would not elute from the column. 
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2.5 The Reactions of Quinoxaliniurn Perchiorates with Alcohols 
The quinoxalinium perchioratea (105a-d) were found to react 
with ethanol and methanol to give good yields of the 7-ethoxy 
(126 a,c,f and h) and 7-methoxy compounds (126 b,d,g and i) 
respectively. The yield of the 7-methoxy compound (126b) was 
lower than the yields of the other ethers (126 e,,g and, i) due to 
the fact that this reaction was worked up by extraction with 
chloroform and trituration with organic solvents. In the compound 
(126a), the presence of the ethoxyl group was demonstrated by the 
fact that the 1  n.mr. spectrum contained a quartet at t5.88 
and a triplet at T 8.51+. -The fact that the substituent had entered 
the 7-position in the quinoxaline nucleus was indicated by the 
splitting pattern in the 1H n.m.r. spectrum which was characteristic 
of a 1 9 24-trisubstituted benzene derivative. The signal at 
T-2.21 is assigned to 11-5 because this proton showed up as a doublet 
with a coupling constant of 9.0 Hz which is characteristic of the 
coupling constant between aromatic protons ortho to one another 
on a benzene ring. The siy.i farther upfield at T 3.13 is 
assigned to 11-6 because it appears as a double doublet with 
coupling constants corresponding to ortho and meta coupling between 
aromatic protons. The signal at highest field (t334) is 
assigned to H-8 because the H n.m.r. signal is a doublet with 
a coupling constant corresponding to meta coupling between aromatic 
protons. The i.r. and mass spectra, and the analytical data for 
the compound were also fully in accord with the 7-.ethoxy structure 
(126a). It should be noted that the evidence for the structure of 
compound (126a) so far cited does not exclude the possibility that 
substitution could have taken place in the 6-position to give the 
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6-ethoxy compound (127). However, it has already been shown that in 
?H3 
EtOLJL N JPh 
(127) 
the reactions with anions and water, nucleophilic attack on the 
perchiorates (105) takes place at the 7-position. Also, in the 
reaction of the N-oxide (lOka) with acetic anhydride, 
14,38 
 the 
acetoxy group is introduced into the 7-position. It seems likely 
therefore that in the reaction of the perchiorate (105a) with 
ethanol, nucleophilic attack has taken place at the 7-Position 
leading to the 7-ethoxy compound (126a). Further evidence in 
support of the 7-ethoxy structure (126a) was obtained in the 
reaction of the perchiorate (105a) with methanol to give the 
7-methoxy derivative (126b), the structure of which has been 
proved unequivocally by Ahmad. 3 
The quinoxalinium perch].orates (105 b,c and d) which have 
a substituent in the 6-position reacted with ethanol and methanol to 
give products (126 c,d and f-i) in which the position of 
substitution was unambiguously shown to be at C-7 by the lack of 
aromatic coupling in the H-5 and H-8 protons in the 1 H n.m.r. 
spectra. Satisfactory i.r. spectra and analytical data were 
obtained for all of these products. 
The secondary alcohol isopropanol was shown to react in a 
similar way with the perchiorate (105b) giving a good yield of the 
If 3 
7-isopropoxy compound (126e). The presence of the isopropoxy group 
was shown by the 1  n.m.r. spectrum and the i.r. spectrum and 
analytical data were consistent with the 7-isopropoxy structure 
(126e). 
The ease with which the perchlorates (105 a-d) react with 
alcohols was demonstrated by the fact that the presence of the 
strongly electron-donating methoxyl group in the perchiorate ( 105d) 
does not inhibit its reaction with ethanol or methanol. 
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Since ring contraction is observed when 3-aryiquinoxalin- 
2(111)-one k-N-oxides (89) are heated with acetic anhydride, it was 
of interest to study the reaction of N-unsubstituted quinoxalinium 
perchiorates (105 f-i) with alcohols. It was found that the 
perchiorates (105 f-i) reacted with ethanol and methanol to give 
good y:elds of the 7.ethoxy (126 l,n,p and r) and 7-methoxy 
(126 m,o,q and e) quinoxalinones respectively. The position of 
substitution in the 7-ethoxy compound (1261) was again shown by the 
splitting pattern in the 1H n.m.ro spectrum, which was characteristic 
of a 1,2,4-trisubstituted benzene derivative. The possibility that 
substitution had taken place at the 6-positionis excluded by the 
fact that the proton at highest field, 	is meta coupled 
indicating that the substituent is in the 7-Position. The spectral 
and, analytical data obtained for compounds (126 1-8) were fully in 
accord dth their assigned structures. No products derived from a 
ring contraction process were isolated in the reactions of the . 
salts (105 f-i) with alcohols. 
Since it was found that alcohols reacted with the perchlorates 
(105 a-d and f-i) at the 7-position, it was of interest to study 
the reactions of alcohols with a quinoxaliniuxn perchiorate in which 
Lfi 
the 7-position was blocked by a substituent. The perchiorate (105e) 
was found to react with ethanol and methanol to give good yields of 
products whose spectral and analytical data were consistent with 
their being the 7-ethoxymethyl compound (126j) and the 7-methoxy-
methyl compound (126k) respectively. This was shown by the 
1 fl n.m.r. spectrum .f the compound (12Ej) which contained two 
singlets in the aromatic region corresponding to H-5 and H-8, a 
singlet at t5.f3 corresponding to a methylene group, two singlets 
at 1 6.28 and 'T 7.65 corresponding to an N-methyl and a C-methyl 
group respectively, and an ethoxyl group at t 6.35 (quartet) and 
t8.70 (triplet). The i.r. spectrum and the analytical data were 
also consistent with the 7-ethoxymethyl. structure (126j). The 
structure of the 7-methoxy derivative (126k) was deduced in the same 
way* It should be noted that the evidence for the structure of 
compound (126j) does not exclude the possibility that attack could 
have taken place at the 6-methyl group giving the 6-ethoxymethyl 
derivative (128) which is isomeric with compound (126j) and would 
CH 3 
CH 3 (f 0 
Et 0 CH 2L'L... N JPh 
(128) 
have similar spectral properties. The product from the reaction 
of the perchiorate (105e) with ethanol is assigned the 7-ethoxymethyl 
structure (126j) on the basis that it has been shown previously .39  
that the N-oxide (104e) undergoes nucleophilic attack at the 
k5 
7-methyl group when reacted with acetic anhydride to give the 
7-acetoxymethy]. derivative (115c). Also, when the 1,6-dimethyl-
quinoxalinium perchiorate (105c) reacted with ethanol, attack could 
be abown unequivocally to have taken place at the 7-position by the 
presence of two uncoupled aromatic protons in the 1 H n.m.r. spectrum 
of the product (126f). There was no evidence to suggest that attack 
had taken place at the 6-methyl group in the perchlorate ( 1050. 
In the reactions of the perchiorate (105e) with ethanol and 
methanol, no products were isolated which corresponded to attack at 
the 5- or 8-position8 in the molecule. 
When the perchiorate (105j) was reacted with ethanol, a product 
was obtained in moderate yield which was shown to be the 7-ethoxy-
methyl derivative (126t) by the fact that is I H n.m.r. spectrum 
contained two methylene absorptions, one a singlet and one a 
quartet. Satisfactory i.r. and mass spectral and analytical data 
were obtained for the product. Attack was considered to have taken 
place at the 7-methyl group by analogy with the previous results 
obtained for the reaction of the perchiorate (105e) with ethanol 
and methanol. 
The perchiorate ( 105j) reacted with methanol however, to give 
a moderate yield of a product whose 1 H n.m.r. spectrum showed an 
absorption at 't 7.48 which was attributable to two C-methyl groups. 
The 1 H n.m.r. spectrum also contained a methoxyl group at . 5.90 
and a multiplet in the aromatic region corresponding to six aromatic 
protons demonstrating that the product was the 5-methoxy derivative 
(129). The i.r. and mass spectral data and the analysis of the 











evidence cited however, attack at the 8-position to give the 
8-methoxy derivative (130) cannot be excluded. The product is 
assigned the 5-methoxy structure because it has been shown previously 
that quinoxaline N-oxides which have a substituent in the 7-position 
1 
can undergo nucleopLtllic attack at the 5-position. 
The 1-N-acetoxyquinoxalinium perchiorate (107a) reacted with 
ethanol to give a moderate yield of a product whose spectral 
properties were consistent with its being the 1-N-acetoxy-.7-ethoxy-
quinoxalinone (131a). The 1 H n.m.r. spectrum of the product showed 
signals at t'5.89 (quartet) and t8.55 (triplet) due to an ethoxyl 
group in the compound (131a) is consistent with the aromatic 
splitting pattern in the 
1 
 H n.m.r. spectrum which is characteristic 
of a 1,2,4-trisubstituted benzene derivative. The presence of the 
N-acetoxy group was shown by the singlet at 't7.50 in the 1 H n.m.ro 
spectrum and this was confirmed by the presence of an absorption 
-.1 
band in the i.r. spectrum at 1795 cm which is characteristic of 
a cyclic N-acetoxy gronp. 3 The mass spectrum and analytical data 
were also consistent with the structure (131a). As in the previous 
cases, the evidence cited does not exclude the possibility that the 
substituent is in the 6-position. 
The mother liquors from the reaction of the perchiorate (107a) 
If 7 
with ethanol afforded a moderate yield of a product which is 
assigned the structure (131b). The 1 H n.m.r. spectrum of the product 
showed peaks at 	5.80 (quartet) and 	8.52 (triplet) due to an 
ethoxyl group which was shown to be in the 7-position by the fact 
that H-5 appears as a doublet with a coupling constant of 9.0 Hz. 
The sigrals due to H-6 and 11-8 overlapped and therefore the full 
splitting pattern for a 1,2,4-trisubstituted benzene derivative was 
not observed. The fact that the N-acetoxy group in the perchiorate 
(107a) had been hydrolysed to an N-hydroxyl group during the 
reaction was indicated by the absence of a peak at 1795 cm in the 
i.r. spectrum of the product (131b) and the presence of a broad 
absorption at 3100 - 2600 cm . The presence of the N-hydroxyl group 
in the product (131b) was confirmed by the production of a deep 
red colour with ferric chloride in ethanol. 	The mass spectrum and 
analytical data were also consistent with the 7-ethoxy structure 
(iTh). The perchlorate (107a) also reacted with methanol to give 
moderate yields of the 1-N-acetoxy-7-methoxy derivative (131c) and 
the 7-methoxy-1-N-hydroxy derivative (131c). The structures of these 
products were confirmed exactly as for the compounds (131 a and b). 
In order to study the effect of a substituent at C-7, the 
quinoxalinium perchiorate (107b) was prepared and was reacted with 
ethanol. The first product isolated from the reaction mixture in. 
moderate yield was shown to contain an ethoxyl group by its 
111 n.m.r. spectrum, which contained a quartet at 'L5.73 and a 
triplet at T 8.40. The fact that the 1 H n.m.r* spectrum contained 
an absorption at t 7.38, attributable to a C-methyl group, 
indicated that the ethanol had attacked the benzene ring of the 
perchiorate (107b). The product is assigned the 5-ethoxy structure 
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(131e) on the assumption that the 5-position is the one most 
susceptible to nucleophilic attack when the 7-position is blocked. 
The 
1  H n.m.r. spectrum was in accord with this structure although 
the aromatic protons overlapped and the position of the ethoxyl 
group could not be proved unequivocally by analysis of the aromatic 
splitting pattern. The presence of the N-hydroxl group was 
confirmed by the presence of broad absorption in the i.r. spectrum 
of (131e) at 3200 cm and by the production of a deep red colour
1+3 
with ferric chloride in ethanol. 	The mass spectral and analytical 
data were also fully in accord with the structure (131e). 
The mother liquors from the reaction of the perchiorate ( 107b) 
with ethanol gave a moderate yield of a second pr--.duct which was 
shown to be the 7-ethoxyinethyl derivative (131f) from its spectral 
properties. The fact that the ethanol had attacked the 7-methyl 
group was shown by the presence of a peak corresponding to a 
methylene group at 754.96 in the 1 H n.m.r. spectrum. The i.r. and 
mass spectra and the analytical data were all fully in accord with 
the structure (131f), and the compound also gave a deep red colour 
with ferric chloride in ethanol. 
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perchioratea with alcohols. It has been shown (scheme 15) however 
that N-acetoxypyridinium perchiorate (132) undergoes attack by hot 
ethanol at the N-acetoxy group to give pyridine N-oxide and 
protonated ethyl acetate. 
The reaction of the perchiorate (105b) with phenol in dry 
ether did not give the product (133) in which phenol has attacked 
CH3 
PhO 	O yf 
C1LL. N )ph 
133) 
the perchiorate at the 7-position. Thus phenol is a much poorer 
nucleophile in these reactions than are alcohols. 
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2.6 The Reactions of Qinoxalinium Perchlorates with Amines 
As mentioned in the introduction (chapter one), amines are 
generally not sufficiently nucleophilic to attack heterocyclic 
N-oxides unless the N-oxide group 18 in the form of a quaternary 
cation (82) or an adduct with a Lewis Acid (83). Since the 
perchloiates (105) have been shown to react with nucleophiles such 
as anions, water and alcohols, it was of interest to study the 
reactions of these perchiorates with various amines. 
These reactions were complicated by the fact that a suitable 
medium in which to carry out the reactions proved difficult to find. 
Reaction of the Perchlorate with the neat amine was not entirely 
satisfactory since reactions of this type invariably produced black 
tars which had to be purified by column chromatography. As 
discussed previously in this chapter, the perchiorates (105) tended 
to decompose in organic solvents, and it was therefore difficult to 
carry out the reaction with amines in solution. Acetonitrile was 
used as the solvent in some of the early reactions but it was 
subsequently shown that the perchlorates (105) decomposed in this 
solvent. Consequently, later reactions with amines were carried out 
on suspensions of the perchiorates (105) in dry ether or by reacting 
the perchiorates with the neat amines and separating the gums 
obtained by column chromatography. 
I. Primary Amines 
All of the reactions of the perchlorates (105) with primary 
amines were carried out using acetonitrile as the solvent. The 
perchiorate (105a) reacted with methylamine in acetonitrile to 
give moderate yields of the corresponding N-oxide (lOka) and the 
46 
deoxygeñated derivative (liOn), and a low yield of the 7-hydroxy 
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ethylamine in acetonitrile gave a similar result except that the 
yield of the N-oxide (iOka) was much lower than in the methylamine 
reaction. The structures of the products (lOka), (llOa) and (115h) 
were confirmed by comparison with authentic samples. 14  The 
perchiorate (105b) also reacted with aniline and ethylamine to give 
moderate yields of the N-oxide (104b), the deoxygenated compound 
(Ilob) and the 7-hydroxy compound (115g), the structures of which 
were again confirmed by comparison with authentic sampies.14 
In order to find out whether an N-unsubstituted perchiorate 
would react with a primary amine, the perc1lorate (105g) was 
reacted with ethylamine in acetonitrile. The product isolated in 
good yield was the corresponding N-oxide (104g), the structure of 
which was confirmed by comparison with an authentic sample. 14 
Thus, in the reactions of the perchioratea (105) with primary 
amines, no products were isolated which corresponded to attack at 
the 7-position of the perchiorate by the amine. The mechanism of 
the formation of the deoxygenated compounds (110 a and b) is not 
clear. The fate of the oxygen atom originally bonded to N-k in the 
perchiorates (105 a and b) was not discovered. A similar result 
L oil 
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was obtined when the perchiorate (105b) reacted with acetonitrile 
alone (page 27).  The 7-hydroxy compounds (115 g and h) are 
presumably formed by reaction of the perchloratea (105 b and a) 
respectively with traces of water in the reaction mixture. The 
N-oxides (101+ a, b and g) could be formed by solvolysia of the 
N-acetoxy group in the perchiorates (105 a, b and g). However the 
fate of the acetyl group derived from solvolysis of the N-acetoxy 
group was not established. 
II. Secondary Amines 
1(a) Diethylamine as Solvent 
The perchiorate (105a) reacted with neat diethylamine to give 
a low yield of a prc'1uct whose spectral properties indicated that 
it was the 7-diethylanu.no derivative (13a). The H n.m.r* spectrum 
of the product showed the presence of one diethylarnino group and the 
fact that it was in the 7-position was indicated by the characteristic 
splitting pattern of the H-5, H-6 and H-8 aromatic protons. The mass 
spectrum and analytical data were also consistent with the structure 
(134a). A moderate yield of the 7-hydroxy compound (115h) was also 
obtained in this reaction, probably due to reaction of the 
perchiorate (105a)  with traces of water. 
The effect of a substituent in the 7-position was studied 
by reacting the perchiorate (105e) with diethylamine. The product 
isolated from this reaction in moderate yield is assigned the 
structure (135a). The H n.m.r. spectrum of the adduct (135a) showed 
CH 	 x 
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the presence of two diethylamino groups in the molecule and also 
contained olefinic absorptions, I  a multiplet at -t 3.66 (1H) and a 
doublet at -C I53 OH)] . Spin decoupling showed that the C-methyl 
group at the 6-po8ition (t 8.02) is coupled to the H-5 oleuinic 
proton at 16 3.66. The doublet at 	8.02 collapsed to a singlet. 
on irradiation at t 3.66. However, irradiation at -t 8.02 caused 
the multiplet at '7' 3.66 to collapse to a doublet. This suggests 
that the product from the reaction may be a mixture of stereoisomers 
since there is no single proton present in the molecule with which 
H-5 could couple and thus show up in the 1H n.m.r. spectrum as a 
doublet. The suggestion that the product is an isomer mixture is 
supported by the fact that the N-methyl signal at r 6.92 in the 
n.m.r. spectrum is also a doublet. The only proton with which 
the N-nethyl group could couple is H-8 and this proton is rather 
far away from the N-methyl group to be coupled with it. The 
Stercoisomeric forms of the adduct (135a) could arise due to the 
fact that the 7- and 3- positions in the molecule are asymmetric 
centres. The analytical data for the product was consistent with 
structure (135a). The i.r. spectrum showed carbonyl absorption at 
1 670 cm which is slightly low for the structure (135a) in which 
the carbonyl group is unconjugated. The highest peak in the mass 
spectrum of tba product occurs at 336 mass units. The molecular 
weight of the adduct (135a) is 408 and the peak at 336 mass units 
in the mass spectrum can be attributed to the stable carbonitun ion 
(137a) (molecular weight 336) (cf. scheme 16). 
Further evidence to support the suggestion that the adduct 
(135a) is an isomer mixture was obtained by the reaction of (135a) 
with glacial acetic acid to give a high yield of a single compound, 
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the 7-acetoxymethyl derivative (115c). The mechanism suggested for 
this reaction is outlined in scheme 16. Protonation. of the 
7-diethylamino group gives the intermediate (136a) which can then 
eliminate diethylamine to give the carbonium ion (137a). Elimination 
of a proton from the carboniuin ion (137a) gives the intermediate 
(138a) which undergoes nucleophilic attack by acetic acid at the 
7-methylene group to give the observed product (1150. 
The adduct (135a) was also found to react with aqueous 
hydrochloric acid to give a high yield of a single compound which 
is tentatively assigned the 7-diethylarnino structure (13) as 
shown in scheme 17. In this scheme, protonation in the strong 
aqueous acid takes place at the 3-diethylamino group to give the 
intermediate (139) which eliminates diethylamine to give the 
carbonium ion (140) which is tautomeric with (141). The carbonium 
ion (141) then undergoes a methyl shift to afford the intermediate 
(142) which eliminates a proton giving the observed product (143). 
The 111  n.m.re spectrum of the product was consistent with the 
assigned structure (143). The spectrum showed the presence of one 
diethylamino group in the molecule and there were six aromatic 
protons, one of which, 11-5, was a singlet. The 
I 
  n.m.r. spectrur 
of (143) lacked benzylic absorption and showed the presence of three 
methyl groups which indicated that attack had not taken pie at 
any of the methyl groups. 
The conversion of the adduct (135a) into the 7diethyle.mino 
compound (143) by aqueous hydrochloric acid explains why the 
compound (143) was isolated from the aqueous washings in one case 
when the perchiorate (105c) was reacted with diethylanine. The 
initial product from the reaction is the adduct (135a) which is 
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converted by the aqueous hydrochloric acid into the 7-diethylamirno 
compound (143). The only other product isolated from the last 
reaction was a moderate yield of the N-oxide (lOke) which could be 
formed by attack at the N-acetoxy group by the amine. (scheme 18). 
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However the N,N-diethylacetamide formed as a by product was not 
detected in the reaction mixture. 
When the perchiorate (105j) was reacted with diethylamine, 
a high yield of the corresponding N-oxide (io'+j) was obtained. The 
N-oxide (10j) is again presumably formed by nucleophilic attack at 
the N-acetoxy group (of. scheme 18). 
The perchiorate (105f) reacted with diethylamine to give a low 
yield of a product which was shown to be the 7diethylamino compound 
(134c). The 1H n.m.r. spectrum showed the presence of a diethylamino 
group and the characteristic splitting pattern of the aromatic protons 
in the spectrum indicated that substitution had taken place in the 
7-position. The i.r. and mass spectra, and the analytical data were 
also fully in accord with structure (134c). The main product from the 
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reaction of the perchlorate (105f)  with diethylainine was however the 
N-oxide (lokf). 
The reaction of the perchiorate (107a)  with diethylaniine 
produced a black intractable tar. No attempt was made to separate 
this tar by column chromatography because it was anticipated that the 
1-N-acetxy group present in the starting material (107a)  would be 
hydrolysed on the column to an acidic Nhydroxyl group which would 
not elute from the column. 
1(b) Diethylaniine in Acetonitrile 
The perchiorates (105 a and b) reacted with diethylamine in 
acetonitrile to give moderate yields of the 7-diethylamino compounds 
(134 a and b) respectively. The structure of compound (134b) was 
confirmed by comparison with a sample obtained previously. The 
structure of compound (134a) was supported by its spectral properties. 
The 1  H n.m.r. spectrum indicated the presence of a diethylamino group 
which was shown to be in the 7-position by the characteristic 
splitting pattern of the aromatic protons. The i.r. and mass spectra, 
and the analytical data were also fully in accord with the structure 
(134a). The other products isolated in moderate yield from these 
two reactions were the N-oxides (104 a and b) and the 7-hydroxy 
compounds (115 h and g) which were characterised by comparison with 
samples obtained previously. 
The fact that no deoxygenated compounds (110 a and b) were 
obtained in these reactions indicates that the diethylamine must be 
reacting with the perchlorates (105 a and b) before they are 
decomposed by the acetonitrile. Thus the N-oxides (10k a and b) are 
formed by attack at the N-acetoxy group in the perchiorates 
(105 a and b) by the diethylamine. The 7-hydroxy compounds (115 h 
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and g) could be formed by attack on the perchiorates (105 a and b) by 
water present in the reaction mixture. 
1(c) Diethylarnine in Ether 
When the perchiorate (105b) was reacted with diethylaxnine in 
ether, low yields of the deoxygenated compound (IlOb), the N-oxide 
(104b), the 7-diethylamino derivative (134b) and the 7-hydroxy 
derivative (1159) were obtained. All of these compounds were 
characterised by comparison with authentic samples. An unidentified 
solid was also obtained in this reaction which appeared to be a 
salt and could be diethylamine perchiorate. The formation of the 
IN-oxide (104b), the 7-diethylamino derivative (134b) and the 
7-hydroxy derivative (1159) in this reaction can 1..e explained in 
the same way as for the reaction of the perchiorate (105b) with 
diethylamine in acetonitrile. As mentioned before, the formation 
of the deoxygenated compound (IlOb) is more difficult torationalise. 
2. Morpholine 
The perchiorates (105 a and b) reacted with moxholine in ether 
to give moderate yields of products which are assigned the structures 












in the molecules (11+4 a and b) was shown by the presence of an 
absorption band at 1790 cm
-1  in the i.r. spectrum which is 
characteristic of a cyclic N-acetoxy group. 	The 1H n.m.r. spectra 
of the products were consistent with structures (141+ a and b). The 
mass spectra of (11+4 a and b) however did not contain peaks 
corresponding to the parent ions derived from tho adducts (141+ a 
and b). The highest peaks in the mass spectra occurred at 14-60 
which corresponds to the loss of the elements of acetic acid from 
the adducts (144 a and b). Analytical data for compounds (141+ a 
and b) could not be obtained because the compounds were unstable 
and could not be crystallised. 
The mother liquors from the reactions leading to the adducts 
(141+ a and b) gave low yields of the corresponding N-oxides (101+ a 
and b), the deoxygenated compounds (110 a and b) and the 7-hydroxy 
compounds (115 ii and g). 
The adduct (144b) was found to react with 99% ethanol to give 
a good yield of the 7-ethoxy compound (126c) and a moderate yield of 
the 7-hydroxy compound (115g). The structures of these two products 
were confirmed by comparison with authentic samples. 
The adduct (144b) also reacted with glacial acetic acid to 
give a highyield of the 7-acetoxy compound (115b) and with aqueous 
hydrochloric acid to give a high yield of the 6,7-dichioro compound 
(1159. These last two products were characterised by comparison with 
authentic samples. 
The mechanisms of the formation of the adducts (11+4 a and b) 
and the reactions of the adduct (144b) with ethanol, glacial acetic 
acid and aqueous hydrochloric acid will be discussed later. 
The perchlorate (105e)  reacted with morpholine in ether to give 
a moderate yield of a product which is assigned the structure (135b). 
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The R n.m.r. spectrum of the adduct (135b) showed the presence of 
two morpholine residues in the molecule, and also contained signals 
due to two cltefinic protons. The proton at C 3.60 could be shown 
to be coupled to the C-methyl group at 	8.03. Irradiation at 
' 3.60 caused the doublet at 	8.03 to collapse to a singlet and 
irradiation at t 8d03 caused the quartet at 	3.60 to collapse to 
a singlet. The nature of this coupling suggests that the proton at 
3.60 is the H-5 proton and the C-methyl group at ' 8.03 is the 
6-methyl group. On expansion to sweep width 250 Hz, slight 
multiplicity appeared in the quartet at 7J 3.60. This could either 
be due to long range coupling or it could indicate that the adduct 
(135b) is an isomer mixture. The i.r. spectrum and the analysis 
of the morpholine adduct were fully in accord with structure (135b). 
The ina3s spectrum of the compound showed a peak at 436 mass units 
corresponding to the molecular weight of (135b). There was however 
a very strong peak in the mass spectrum at 350 mass units which 
corresponds to the carbonium ion (137b) (scheme 16). 
Further evidence to support the structure of the adduct (135b) 
was provided by the conversion of the adduct (135b) in glacial acetic 
acid into the 7-acetoxymethyl derivative (115c) in high yield as 
shown in scheme 16. 
The reaction of the perchiorate (105e) with morpholine also 
produced a moderate yield of the N-oxide (lOke) and a trace of the 






could be formed by attack by water on the perchiorate ( 105e) or 
possibly on the adduct (135'o) since the adduct has also been shown 
to undergo nucleophilic substitution at the 7-methyl group 
(cf. 135b—.115c) (scheme 16). 
When the perchiorate (105j) was reacted with morpholine, the 
only product obtained in good yield was the corr.'sponding N-oxide 
(1013). Thus in this case the morpholine attac1the acetoxy group 
rather than the 2- or 7-position in the perchiorate (scheme 19). 
The N-acetylmorpholine was not isolated in the reaction possibly 
CH 3 N 
CH3LL- Ph 
0.49 
(N 	C H 3 
0.)- .c10 
( 1 05J) 
y 







be&ause it is volatile and is lost in the work up. 
The reason for the difference in reactivity between the 
perchiorates (105 e and j) in the reactions with morpholine could be 
due to the lower reactivity (to initial nucleophilic attack) at the 




Reaction of the perchiorate (105b) with pyrrolidine in 
acetonitrile gave moderate yields of the N-oxide (iOlfb), the 
deoxygenated compound (IlOb) and the 7hydroxy compound (115g) which 
were characterised by comparison with authentic samples. No product 
corresponding to attack by pyrrolidine at the ?-position of the 
perchiorate (105b) was isolated from the reaction. 
Since it was found that the perchlo.rate (105b) decomposed in 
acetonitrile, the reaction of (105b) with pyrrolidine in ether was 
also carried out. This reaction gave moderate yields of the N-oxide 
(104b) and the 6,7-dichioro compound (115j), and a small amount of 
the 7-hydroxy compound (1159). These products we:e identified by 
comparison with authentic samples. The reaction was worked up with 
aqueous hydrochloric acid and it is possible that the dichioro 
compound is being formed by nucleophilic attack on unreacted 
perch].orate (105b)  by chloride ion. Another possibility is that the 
pyrrolidine is forming an adduct similar to that obtained in the 
diethylamine and morpholine reactions [Cl. (135 a and b) which is 
reacting with the hydrochloric acid to give the dichioro compound 
(115j). 
III Tertiary Amines 
Ca) Triethylamine 
The oerchlorate (105b) reacted with triethylamine in acetonitrile 
to give a good yield of the N-oxide (104b) and low yields of the 
deoxygenated compound (IlOb) and the 7-hydroxy compound (115g). 
These products were all characterised by comparison with authentic 
samples. The fact that a good yield of the N-oxide (104b) wa 
obtained suggests that the triethylamine is attacking the N-acetoxj 
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group in the perchiorate (105b) as described previously (cf. scheme 19). 
(b) Pyridine 
The perchiorate (105b) reacted with pyridine in a similar way 
to triethylamine to give a high yield of the N-oxide (1014b). 
R1 
X = OAc 
Cl 
NCS 	
< CN P~ OH 	 WaN 
OCR 
oEt 	 OAc CtQ4 
OisoPr 
N(Et)2 	
(105 a-d and i-i) 
1 
R 	 X-) 	R 
1 
R 2 N 	 N Tr ± Ph Ph 
OAc 
(ikk) 
I - OAc 








I 	 rJ 	0 z a5;1*1 -T- 
R 	N 	
R 	 Ph 
(145) 	 - 	 (1+7) 
scheme 20 
63 
2.7 Discussion of Reaction Mechanisms 
The reactions of the perchioratos (105) with nucleophilec are 
explicable by the mechanism outlined in scheme 20. The perchiorates 
( 105) undergo nucleophilic attack by X at the 3-position to give 
the adducta (11+1+) which can undergo simultaneous attack by f at the 
7-position and loss of the N-acetoxy leaving group giving the 
para-quinoid intermediates (11+6). Elimination of HX from the 
intermediates (1 1+6) gives the observed products (11+7) 1 (1 1+4)-'(146) 
_IJP0 147)] 
Alternatively, the adducts (11+1+) could eliminate the N-acetoxy 
leaving group to form the resonance stabilised nitrenium cation 
intennedi.tes (11+5). Nucleophilic attack by X ay the 7-position 
of the intermediates (11+5) gives the para-quinoid intermediates (1 1+6) 
which give the observed products as described above 
(146)_(1 1I7)1 . Nitrenium cations have been suggested as intermediates 
in the substitution reactions 
47 
 ofcertain five-membered 
N-oxygenated benzaza heterocycles. The intermediates (11+5) should 
show enhanced stability due to the resonance stabilisation as shown 
in scheme 20. The mechanism outlined in scheme 20 accounts for the 
formation of the 7..sub8tituted products in the reaction of the 
perchlorate6 (105 a-d and f-i) with anions, water, alcohols and 
amines. 
The reaction of the N-oxide (101+a) with hot acetic anhydride 14 
to give the acetoxy compound (115a) can also be rationalised in 
terms of the mechanism outlined in scheme 20. 
As mentioned earlier, the perchiorates (105) can also undergo 
nucleophilic attack at the N-acetoxy group to give the corresponding 
64 
N-oxide (104) (scheme 21). The acetylated nucleophile (Nu-Ac) was 
R2 Ph 












not isolated in any of these reactions probably because it was 
volatile and was evaporated from the reaction mixture on work up or 
because it was soluble in water and was removed when the extracts 
were wa.4 with water. 
The formation of the adducts (iko a and b) is also explicable 
by the mechanism outlined in scheme 20. Horpholine attacks the 
perchiorates (105 a and b) at the 3-position as shown in scheme 20 
giving the adducts [(ikk a and b), X = morpholinol. In the case of 
morpholine, the adducts (ikk) appear to be less reactive towards 
nucleophilic substitution and are thus more stable and can be 
isolated providing good evidence for the mechanism shown in scheme 20 
The mechanism in scheme 20 is also substantiated by the fact that 
the morpholine adduct (lkkb) undergoes nucleophilic substitution at 
the 7-position when reacted with ethanol, glacial acetic acid aiid 
aqueous hydrochloric acid giving the 7-ethoxy compound (126c), the 
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The differences in reactivity in the reactions of the N-methyl 
Perchlorate (105a) and the N-unsubstituted Perchlorate ( 1051) 
(e.g. reaction with acetate ion) could be due to differences in the 
basicity - of the 1-nitrogen. This could cause differences in the 
stability of the nitrenium cation (11+5) (scheme 20). If the 
nitrenium cation it; less stable in the N-unsubstituted case, then 
nucleophilic attack could take place at the N-acetoxy group rather 
than at the ring. 
The reactions of the Perchlorate (105e) can be explained by the 
mechanism outlined in scheme 	The perchlorates (105 e and j) 
undergo nucleophilic attack by f at the 3-position to give the 
intermediates (148) - which eliminate the elements of acetic acid to 
afford the intermediates (11+9). Nucleophilic attack by 1' at the 
methylene centre in structure (11+9) with simultaneous loss of f 
from the 3-position gives the observed products (150). 
The mechanism outlined in scheme 22 however does not explain 
why the Perchlorate (ioj) reacts with methanol to give a product 
(129) in which the methoxyl group appears to be in the 5-Position-
In the reaction of the Perchlorate (105e) with lithium chloride to 
give low yields of the 5- and 8-chioro derivatives (121+) and (123), 
chloride ion is not a strong enough base to effect the step 
(11+8-' 1L9)  in scheme 22 and chloride ion therefore attacks the ring. 
A mechanism which explains the formation of the 5- and 8-chioro 
derivatives (121+) and (123) is outlined in scheme 23. The 
intermediate (151)[cf. (11+1+), scheme 20] undergoes nucleophilic 
attack by chloride ion at the 5-position with simultaneous loss of 
the acetoxy group from the 4-position giving the intermediate (152). 
Nucleophilic attack by chloride ion ae the 8-position of the 
T. 
intermediate (152) gives the 5,8-dichloro intermediate (153). 
Elimination of hydrogen chloride from the dichioro intermediate (153) 
gives the 5- and 8-chioro derivatives (124) and (123). However in 
the absence of firm experimental evidence the mechanism shown in 
scheme 23 must remain at present only a tentative suggestion. 
The formation of the adducts (135 a end b) can be explained by 
a mechanism analogous to that shown in scheme 20. The para-quinoid 






perchiorates (105 a-d and f-i) can be stabilised by aromatisation 
by the elimination of HX. In contrast, the adducts (135) cannot be 
stabilised in this way since there is not a proton at the 7-position. 
The adducts (135) therefore react by undergoing a methyl shift 
(scheme 17, page Z) or by protonation at the amino-group in the 
7-position (scheme 16, page 54). Thus, the isolation of the adducts 
(135) is further evidence for the reaction mechanism shown in 
scheme 20. 
The reactions of the perchiorates (107a) and (107b) with 
nucleophiles can likewise be explained by mechanisms analogous to. 
those shown in schemes 20 and 22 respectively. 
Chapter Three 
Experimental Section - Quinoxaliniuin Perchioratea 
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3.1 The Synthesis of N-Acetoxiinoxalinium Perchiorates 
General Method 
Acetic anhydride (2.0 ml) was cooled in an ice bath and treated 
dropwise with stirring with 60% w/w aqueous perchioric acid (0.6 ml) 
at such a rate that the temperature did not rise above 20 0C. 
The perchioric acid acetic anhydride solution was then added 
dropwise with stirring to an ice-cooled suspension of the quinoxaline 
N-oxide (104) or (106) in glacial acetic acid (3.0 ml) and acetic 
anhydride (6.0 ml). The resulting red solution was stirred in the 
ice bath for I hand the N-acetoxyquinoxaliniumperchlorate (105) or 
( 107) which crystallised from the reaction mixture was collected by 
filtration, washed thoroughly with dry ether and sucked dry. Yield 
34-98%, V 	1845-1830 (cyclic N .0Ac), 't (CF .CO2H) 7.75-7.80max 
(3R,6, N.OAc). 
The N-acetoxyquinoxalinium perchiorates (105 and (107) were 
relatively stable in the absence of air and light but under normal 
conditions they tended to decompose to intractable brown gums. 
Consequently, the quinoxalinium perchiorates were used directly in 
subsequent reactions without purification. 
The yields quoted in the reactions of the quinoxalinium 
perchlorates &re based on the quantity of the corresponding N-oxide 
(104) or (106) used in their preparation. 
The quantities of the N-oxide (104) or (106) described in this 
general method were used in the preparation of the perchiorates 
(105 a-j) and (107 a-c). 
T. 
k-N-Ac et oxy- 1, 2-dihydro- I -methyl-2-oxo-3-phenylguinoxalinium 
perchiorate (105a) was prepared from 1-methyl3-pheyguinoxalin-
2(IH)-one k-N-oxide (104a) 
4o 
 as a yellow crystalline solid (ca. 0.6 g) 
(ca. 76%), i) 	1835 (cyclic i.OAc) cm 1 1 1 (CF30002H) 140-2.4Omax 
(9H, m, ArM), 5.93 (3M, a, N.CH3) and 7.75 (9i , a, NL0Ac), m/e 2911, 
+ 
14 (cation) 295. 
This signal integrated for more than three protons. 
kN-Acetoxy-6-ch].oro-1 
guinoxalinium Perchlorate (105b) was prepared from the N-oxide (104b) 
14 
 
as a yellow crystalline solid (Ca. 0.7 g) (ca. 81%), V 	184omax 
(cyclic .OAc) cm- , T (CF 3.c02H) 1.57 (1H, d, Jmeta  2.5 Hz, H-5), 
1.80-2.45 (711, m, ArIl), 5.98 (311, , N.CE3) and 7.76 (3M, a, N.OAc). 
The acetic acid - acetic anhydride mother liquors from the 
preparation of the salt (105b)  were allowed to stand at room 
temperature for seven days. A yellow solid was deposited and was 
collected ; washed with water and crystallised from ethanol - glacial 
acetic acid to yield the 7-acetoxy compound (115b) (0.10 g) (15%), 




perchlorate (105c) was prepared from the N-oxide (104c) as a yellow 
crystalline solid (ca, 0.75 g) (ca. 91%), 	max 18110 (cyclic N.OAc) cm 1, 
% (CF 3.c02H) 1.72 (IH, a, 141-5), 1.98-2.31 (711, m, ArH), 5.98 
+ 
(3M, a, N.CH3), 7.37 (311, a, CM3) and 7.79 (, a, N,OAc). 
k-N-Ac etçy.l ,2-dibydro-6-metxy- 1 -methyl-2-oxo-3pheny-
guinoxaliniumPerchlorate (105d) 
14 
In the case of the N-oxide (104d) the quinoxalinium perchiorate 
(105d) did not crystallise from the acetic acid - acetic anhydride 
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solution and this solution was therefore added dropwise with stirring 
to ice cold dry ether (200 ml). The quinoxaliniwn perchiorate ( 1 05d) 
was obtained as a red crystalline solid which on attempted filtration 
immediately decomposed to a brown gum. 
Due to its instability, subsequent reactions of the perchiorate 
( 105d) were carried out on a freshly prepared sample, washed by 
decantation with dry ether and handled as an ethereal suspension. It 
was not possible to obtain spectroscopic data for the perchlorate 
(105d) due to its instability. 
1+-N-Acetoxy-1 ,2-dihdra-2co-pyl.-1 6,2 -~trimethyl  
guinoxaliniunperchlorate (105 was prepared from the N-oxide 004e) 9as 
a yellow crystalline solid (ca. 0.75 g) (ca. 91%),V max  1840 (cyclic 
N.OAc) cm, 	(CF 3.CO2H) 1.78 (IH, a, H-5), 2.O4-2.54 (61!, m, ArH), 
5.99 (31!, a, N.CH3), 7.38 (31!, a, Cl!3), 7.46 (31!, a, Cl!3 ) and 
7.80 (*, s,N.OAc). 
1+-N-Ac et oxy- 1,2- diydro-2-oxo-3-phenylqginoxalinium Perchlorate 
40 
( 105f) was prepared from the N-oxide (104f) as 's yellow crystalline 
solid (ca. 0.75 g) (ca. 	max 1840 (cyclic N.OAc) cm, 
t 
 
(CF 3 .CO2H) 1.50-2.36 (9H, in, ArH) and 7.76 (31!, a, i.0Ac)0 
1+-N-Ac et oxy-6-chloro-1 , 2-dihydro-2-oxo-3-phen.yquinoxalinium 
pçhlorate (iOg) was prepared from the N-oxide (104g) 
 41 as a yellow 
crystalline solid (ca. 0.75 g) (ca. 91%),\) max 1830 (cyclic LOAc) cm 1 11 
t (CF 3 0co2H) 1.61 (11!, d, 	meta  2.0 Hz, H5), 194_238 (7H9 in, Ar!!) 
and 7.76 (3!!, a, ilOAc). 
 
perchlorate (105h)  was prepared from the N-oxide (104h) as a yellow 
crystalline solid (ca, 068 g) (ca. 8690 , )) max 18+o (cyclic N.OAc), 
t (CF 3 .0O2H) 1070-2.46 (81!, m, Ar!!), 7.37(3!!, 8,CH3) and 
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4. 
7- 77 (3ff, s, N.OAc). 
k-N-Ac etoxy-1, 2-dihydro-6-methoxy-7-oxo-3-phenylguinoxalinium 
perchiorate (1051) was prepared from the N-oxide (104i) 14 (0.54g, 
0.002 inol) as a yellow crystalline solid (ca. 0.80 g) (ca. 98%), 
V m  1830 (cyclic N.OAc), t (CF30002H) 2.00-2.46 (8H, rn, ArH), 
5.96 (3ff, a, 0.CH3) and 7.76 (3ff, a, N.OAc), m/e  310, M (cation) 311. 
k-N-Ac etoxy- 12-dihydro-6 , 7-dimethyl-2-oxo-pheninoxalinium 
14 
perchlorate (105j)  was prepared from the N-oxide (104jas a yellow 
crystalline solid (ca. 0.6kg) (ca. 8o%),V 	1830 (cyclic N.OAc) cm,max 
-t (CF3.CO2H) 1.80 (1ff, a, H-5), 2.02_2. 1+6 (6ff, m, ArH), 7.42 (3ff, 5, CH3), 
7.45 (3H, a, CH3) and 7.76 (3ff, 6, N.OAc). 
,j-Diacetoxy-1 ,2-dihydro-2-oxjenluinoxalinium 
14 
perchiorate (107a) was prepared from the N-crd.de (106a) as a yellow 
crystalline solid (ca.0.80g) Ca. 92%),Y) max  1840 (cyclic i.0Ac) and 
1810 (cyclic N.OAc) cm 1 0 
The acetic acid - acetic anhydride mother liquors from the 
preparation of the perchiorate (107a) were diluted with ether (100 ml) 
and washed with saturated aqueous sodium hydrogen carbonate. The 
ether layer was evaporated to give a brown intractable gum (0.05g) 
Attempts to obtain the 1  n.m.r* spectrum of the perchiorate 
(107a) in trjf].uoroacetic acid were unsuccessful due to its instability. 
(i) I ,k,N 1N-Diacetoxy-1 ,2-dihydro-7-methyl-2-oxo-3-phenylquinoxalinium 
Perchlorate (107b) was prepared from the N-oxide (106b)
39 
 asa yellow 
crystalline solid (ca. 0.319) (ca. 34%), ) 	1845 (cyclic .0Ac)max 
and 1810 (cyclic N.OAc) cm-1 , 	(CF3.0O 3H) 1.60-2.4O (811, m, ArH), 
7.28 (3H, a, CE3) and 7.78 (611, c, N.OAc and N .0Ac). 
The acetic acid - acetic anhydride mother liquors from the 
preparation of the perchiorate (107b) were diluted with the ether 
71 
used to wash the perchiorate (107b) and washed with water (10 mi), 
The ether layer was separated, washed with saturated aqueous sodium 
hydrogen carbonate (10 ml), water (10 nil), and evaporated to give 
I ,6-diacetoxy-7-methyl-3-.phenylguinoxalin-2(IH)-one (lila) as cream 
coloured needles (0.22 g) (31%) m.p. 191 0 (from ethanol-glacial 
acetic vcid), V max  1800 (cyclic N.OAc), 17
110 (C.OAc) and 1680 
(CO) cin, t (CDC13) 1.60-1.7k (2H, in, ArH), 2.36 (IH, s, 
2.112 (311, in, ArH), 2.92 (IH, a, H-8), 7.50 (311, a, CH3), 7.65 
(3H, 	OAc) and 7.70 (3H 2 a, OAc). 
Found: C, 611.5; H, 11.5; N i 7.9%; M 352 
C19H16N205 requires: C. 611.8; 11 9 11.6; N, 7.9%; M 352 
The aqueous washings were acidified with 3M aqueous sulphuric 
acid.but gave no solid material. 
(in) 2op- 	N-diacetoxi 2-dihyro-2-oxopjyl- 
Quinoxalinium perchlorate (107c) 
14 
In the case of the N-oxide (106c), the quinoxalinium perchiorate 
( 107c) did not crystallise from the dark red solution which was 
obtained and the reaction mixture was therefore added dropwise with 
stirring to dry ice-cold ether (200 ml) giving a gummy yellow 
solid (A). 
The supernatant liquor was decanted off, washed with water (10 ml) 
and saturated aqueous sodium hydrogen carbonate solution (10 ml) 
and evaporated to yield 7-chioro- I ,6-diacetoy.-3-nylqu inoxalin-
2(IH)-one (Ilib) as cream coloured prisms (0.12 g) (16%), m.p. 206 0 
(from ethanol-glacial acetic acid), Vmax 1795 (cyclic N.OAc), 
1770 (C.OAc) and 1690 (co) cm,t'0DC13) 1.66-1.8o (211, in, ArH), 
2.118-2.611 (311, in, ArE), 2.80 (111, s, H5), 2.92 (IH, s, 11-8), 
7.511 (311, a, OAc) and 7.60 (311, a, OAC)e 
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Found: C, 57.8; H,  3.5; N,  7.5%; M 372  (374) 
C 18H 13C1N205 requires: C, 58.0; H, 3.5; N,  7.5%; M 372.5 
The aqueous washings were acidified with 5M aqueous sulphuric 
acid but yielded no further material. 
The gummy yellow solid (A) was dissolved in ethanol (2.5 ml) 
and the solution waz heated under reflax on a steam bath for 30 mm. 
The reaction mixture was allowed to cool, diluted with water (6.0 ml) 
and extracted with chloroform. The extract was washed with saturated 
aqueous sodium hydrogen carbonate (5.0 ml), dried and evaporated to 
give a yellow solid (0.22g.) m.p. 80-1750, max 34O0..24O0 br (OH), 
1800 w (N.OAc) and 1640 (co) 	't (CF3.CO2H) 1.80-2.60 (9 units, 
in, ArH), 5.42-5.82 (2 units, in, CH) and 8.20-8.80 (3 units, m, CH3).S 
The 1  n.m.r. spectrum showed that the solid was a mixture and 
attempts to crystallise the solid were unsuccessful. 
(n) k-N-Ac etoxy-2-cyano3-phenylg4noxalinium pe rchlorate 
1-N-oxide (113) or 1-N-aceto-2-co-3-p h en yguinoxalinium 
perchiorate k-N-oxide ( ilk) was prepared from 2-cyano-3-32henyl- 
14 
guinoxaline 1,4-di-N-oxide_(112) 0.53 g, 0.002 mol) as a yellow 
+ 
crystalline solid (ca. 0.80g) (ca. 98%), V max  1820 (cyclic N.OAc) cm , 
'T (CF 3.CO2H) 1.22-2.30 (4H, in, ArH) and 7.74 (311, a, N.OAc). 
On treatment with hot ethanol, the perchiorato (113) or (ilk) 
was converted to the di-N-oxide (112) identical (i.r. spectnim) with 
an authentic sample. 
Investigation of the Effect of Acetonitrile on the Quinoxalinium 
Perchlorate (105b) 
A solution of the perchiorate (105b) prepared from 1.0 g, 
0.0036 mol of the N-oxide (104b) in redistilled acetonitrile (30 ml) 
was stirred at room temperature for 10 mm. The reaction mixture 
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was concentrated, treated with water (10 ml) and extracted with 
chloroform. The chloroform extract was washed with 5M aqueous 
sodium hydroxide solution (5.0 ml) and evaporated to yield a brown 
gum (0.49g) which was shown by t.l.c. (chloroform): comparison with 
authentic samples to be a mixture of the N-oxide (104b) and the 
deoxygerated compound (Ilob). The gum was chromatographed on alumina. 
Elution with light petroleum-toluene (1:1) gave the deoxygenated
14 
compound (liOb) (0.13 g) (i) m.p. 160 (lit.. 	162 0 ) identical 
14 
(i.r. spectrum) with an authentic sample. 
Elution with toluene gave the N-oxide (104b) 0.28g) (36%) ) 
m.p. 1880 (itY 1 890), identical (i.r. spectrum) with an authentic 
111. 
sample. 
The alkaline washings were acidified with 5M aqueous sulphuric 
acid and extracted with chloroform to give the 7-hydroxy compound 
(1150 (035  g) (35%) ui.p. 2600  (from glacial acetic acid), identical 
(i.r. spectrum) with a sample obtained before. 
3.2 The Reactions ofQuinoxaliniurnPerchlorates with Anions 
I. General Method for Reactions in Glacial Acetic Acid 
The quinoxalinium perchiorate (105) I prepared from 0.002 mol 
of the corresponding N-oxide (104.)] was added in portions to a 
solution of the dry inorganic salt - (0.008 mol) in glacial acetic 
acid (10 ml). 
The perchiorate dissolved giving a yellow solution which was 
stirred at room temperature for 0.5 h. Any solid (A) was collected, 
washed with water (10 ml) and dried in vacua. The reaction mixture 
ws diluted with water (20 ml) and any further solid (B) was 
collected, washed with water and dried in vacuo. 
The aqueous acetic acid mother liquors were neutralised by the 
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addition of solid sodium hydrogen carbonate and extracted with 
chloroform to give more material (C). 
II General Method for Reactions in Diethyl Ether 
A suspension of the quinoxalinium Perchlorate (105) 1 prepared 
from 0.002 rnol of the corresponding N-oxide (10k)] was stirred 
vigorousy in sodium dried ether (100 ml) at room temperature and 
the dry, finely powdered inorganic salt (0.008 mci) was added. 
The reaction mixture was stirred vigorously at room temperature 
for 0.5-3.0 h and then ethanol (25 ml) was added in order to 
decompose any unreacted quinoxalinium Perchlorate. 
The pale yellow solution which resulted was stirred at room 
temperature for 0.5 h, filtered to remove any solid, concentrated 
under reduced pressure almost to dryness and treated with water (10 ml) 
to give solids or gums which were purified as described under the 
individual reactions. 
1. Reactions of Quinoxalinium Perchiorates with Sodium Acetate 
k-N-Ac etoxy-1 , 2-dihydro-1-methyl-2-oxo-3-pyluinOXalifliWfl 
perchlorate (105a) reacted with fused sodium acetate as described in 
the general method I to give a pale yellow solution which on dilution 
with water (20 ml) and extraction with chloroform (C) gave a brown 
gum. Trituration of the gum with ether cave 7acetoxy_1-meth3pi- 
4noxalin2(iH)-one (115a) (05 g) (60%),m.p. 126 0 (from ethanol) 
(lit. 38  1260 ) identical (i.re spectrum) with an authentic sampie. 1 
k-NAcetoxy-6-chloro-1 
quinoxalinium Perchlorate (105b) 
(i) The quinoxalinium Perchlorate (105b) reacted with fused sodium 
acetate as described in the general method I to give a pale yellow 
solution. Dilution with water (20 ml) and extraction with 
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chloroform (C) gave a gummy yellow solid which on trituration with 
ether gave _acetoxy_6_chl6ro_1_methyl_3-.phenylquinoxalin-2( 1H)-one 
(115b) (0.35 g) (53%)•,m.p. 1700 (from ethanol) (lit. iL+ 171 0 ) identical 
(i.r. spectrum) with an authentic sample* 14 
The ether mother liquors were evaporated to give a brown solid 
(0.05 • which was crystallised from ethanol to give a further crop of 
the 7-acetoxy compound (115b) (0.02 g) m.p. 170° identical (i.r. spectrum) 
with the first crop. 
(ii) The Perchlorate (105b)  was stirred in dry ether with fused 
sodium acetate for 0e5h as described in the general method II to give 
a yellow solid which was crystallised from ethanol to afford the
14 
7-acetoxy compound (115b) O.kk g) (67%)m.p. 1700 (lit. 	1710 ) 
identical ft.'. spectrum) with an authentic sample. 1k 
(c) 1+-N-Acetoxy-1 ,2-dihydro-2-oxo- 1 ,6,7-trirnethyl-3-phey] 
quinoxalinium perchiorate (105e) reacted with fused sodium acetate 
as described in the general method I to give a yellow solid (A) 
(0.11 g) M.P. 80-1000 1 ) max 1730 (C.OAc) cm- 1. A further crop of the 
solid was obtained by extraction of the acetic acid mother liquors 
with chloroform (C) (o.k g). The solids were shown by t.l.c. 
(chloroform) to be mixtures of the same two components and they were 
therefore combined and chromatographed on alumina. 
Elution with toluene gave small amounts of unidentified yellow 
and brown gums (total 0.14 g). 
Elution with ether gave 1 ,6-dimethyl-7-hydroxymeth7l -3pvl 
quinoxalin-20H)-one (115d) (0.28 g) (51%),m.p. 132 0 (from ethanol) 
(l1t.l33°), Vm 3400 br (OH) and 1635 (Co) cm,1 (cDC13) 
1.62-1.80 (2H, in, ArH), 2.39 (IH, s, H-5), 2)+6-2.64(3H, in, ArH), 
2.70 (IH, s, H-8), 5.29 (2H, s, CH2), 6.36 (3H, s., N.CH3) and 
I 
7.73 (3H, s, CH3), identical (i.r. spectrum) with an authentic 
sample. 11+ 
(d) k-N-Ac etoxy- I ,2-dihydro-2-oxo-3-phenylguinoxalinium perchlorat e 
(Io5f) 
The quinoxaliniuzn perchlorate (105f) reacted with fused sodium 
acetate as described in the general method I to give a yellow 
solid (A) which was washed with glacial acetic acid (1.0 ml), water, 
and dried. The yellow solid (0.25 g) crystallised unchanged 
(i.r. spectrum) from glacial acetic acid, mp. 210-2180, max  
1755 (C.OAc) and 1660 (co) cm 1 , 1j (C73.0O3H) 1.47 (1 unit, dd, 
ortho 9.0 Hz, Jmeta  20 Hz, ArH), 
1.66-1.86 (3 units, m. ArH), 
2.00-2.60 02 units, m, ArH) and 7.51 (3 units, 8, C.OAc); m/e  280 
[7_acetoxy_3_phenylquinoxalin_2(IH)_one (115,)] and 238 
[N-oxide (lOkf)]. 
Further attempts to resolve the mixture by crystallisation 
were unsuccessful. 
The acetic acid mother liquors were diluted with water (20 ml) 
and extracted with chloroform to give a yellow solid (C) (0.21 ) 
which was crystallised from glacial acetic acid to give the 
N-oxide (lOkf) (0.15 g) (31%), m.p. 2850 (lit. 
k02850) 
 identical 
(i.r. spectrum) with an authentic sample.' 
A suspension of the perlorate (105f) I prepared from 1.90 g, 
0.008 mol of the N-oxide (iOf) ] was stirred in dry ether (200 ml) 
with fused sodium acetate (3.2 g, 0.032 mol) for 3 h. Ethanol (50 ml) 
was added, the reaction mixture was stirred for a further lii and 
filtered to remove the insoluble sodium acetate. 
The filtrate was concentrated, treated with water (10 ml) and 
extracted with chloroform to give a yellow solid (1.5 g),m.p. 
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150_2000 with an ester like smell. The solid was washed with light 
petroleum (50 ml) to give a yellow solid (1.3 g) , V 1720 (Co)max 
and 1650 (Co) cm i , which was shown by t.l.c. (chloroform) to be a 
two component mixture and was chromatographed on silica. 
Elution with toluene-ether (9:1) gave a cream coloured 
solid (0.33 g) m.p. 200_2500, V max 1725 (CO) and 1690 (Co) cm -1 9 
 
T(CF3.0O2H) 1.78-2.92 (14 units, m, ArH), 5.69 (2 units, q, 
J 7.0 Hz, CU2) and 8.145 (3 units, t. J 7.0 Hz, C}1 3), consistent with 
a mixture of 7-ethoxy-'3-phenylguinoxalin-2(IH)-one (1261) and another 
component containing only aromatic protons. 
Elution with toluene-ether (2:1) gave 7-ethoxjy-3-2henyl-
guinoxalin-2(IH)-one (1261) 0.140 g) (19%), m.p. 7230 (from glacial 
acetic acid) identical (i.r. spectrum) with a sample obtained 
previously. 
The light petroleum which was used to wash the yellow solid 
was evaporated to yield ethyl benzoate (0.09 g), *) 	(liquid 
film) 1730 (Co) cm-1 , identical (i.r. spectrum) with an authentic 
sample. 
(e) k-N-Acetoxy-1 ,2-dihydro-6,7-dimethy1-2-oxo-3-phen-
q4noxa1inium Perchlorate (125ji 
A suspension of the perchiorate (105j). was stirred vigorously 
in dry ether (100 ml) with finely powdered fused sodium acetate 
- 
	
	(0.65 g, 0.008 mol) for 1.5 b. The reaction mixture was filtered 
to give a yellow solid (2.6 g) the i.r. spectrum of which was 
identical with that of the starting quinoxalinium perchiorate ( 105j). 
The yellow solid was dissolved in ethanol (20 ml) and the solution 
was heated under reflux on a boiling water bath for 15 mm. The 
reaction mixture was allowed to cool and a yellow solid was obtained 
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which was collected to yield the N-oxide (iokj) (0.06 g) (11%), 
m.p. 2800  (lit. 
14 
 2860 ) identical (i.r. spectrum) with an authentic 
sample. 14  The ethanol mother liquors were concentrated, treated with 
water (10 ml) and extracted with chloroform to give a brown gum (o.k g) 
which failed to produce any solid on trituration with organic solvents. 
The ether filtrate was washed with water (1(* ml) and, evaporated 
to give a solid (0.07 g) which on crystallisation from ethanol-glacial 
acetic acid gave . a further crop of the N-oxide (iokj) (0.02 g), 
M.P. 285° identical (i.r. spectrum) with an authentic sample. The 
mother liquors from the crystallisation were evaporated to give a 
brown intractable residue (0.04 g). 
2. Reactions of Quinoxalinium Perchiorates with ZAthium Chloride 
(a) k-N-Ac etoxçy-6-chloro-1, 2-dihydro- I -methyl-2-oxo-3-phenyl-
guinoxalinium Perchlorate (105b) 
(i) A suspension of the perchiorate (105b) in dry ether (100 ml) 
was stirred with lithium chloride (0.33 g, 0.008 mol) for 0.5 Ii. 
The reaction mixture was e'v-kP'ck up as described in the general 
method II to give a gummy yellow solid which was extracted into 
chloroform and washed with 5M aqueous sodium hydroxide solution. 
The extract was evaporated to yield a yellow solid (0.3 g) which was 
chromatographed on alumina. 
Elution with light petroleum-toluene (1:1) gave 6,7-dichioro-
1-methyl-3-phenylq4poxalin-2(1H)-one (1151) (0.21 g.) (38%), 
m.p. 1700 (from ethanol) (lit. 14 1710 ) identical (i.r. and 
1 
 H n.m.re 
spectra) with an authentic sample. 14 
The alkaline washings were acidified with 5M aqueous 
hydrochloric acid and extracted with chloroform to give the 7-hydroxy 
compound (115g) (0.03 g) (6%), M.P. 255°, identical (i.r. spectrum) 
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with a sample prepared previously. 
(ii) The quinoxalinium perchlorate (105b) reacted with lithium 
chloride as described in the genera]. method I to give a yellow 
solution which on dilution with water (20 ml) gave a yellow solid (B) 
(0.51  g). The solid was shown by t.l.c. (chloroform) to be a two 
component mixture a!\d was chromatograpned on alumina. 
Elution with light petroleum-toluene (1:1) gave the dichioro 
compound (115j) (0.20 g) (33%), m.p. 1710 (from ethanol) 
1k
171 0 ) i 	 ( i 	
14 
(lit. 	1 identical .r. spectrum) with an authentic sample. 
Elution with toluene gave the N-oxide (104b) (0.22 g) (38%), 
m.p. 189° ( from ethanol) (l1t. 11 189°) identical (i.r. spectrum) 
with an authentic saiple. 
(b) 4-N-Acetoxy-1 2-dihydro-1 ,6-dimethyl-2-oxo-3-pheuy1quinoxalinium 
perchiorate (105c)  reacted with lithium chloride as described in the 
general method I to give a yellow solution which on dilution with 
water (15 ml) gave a yellow solid (B) (0.42 g). The solid was shown 
by t.l.c. (chloroform) to be a two compQnent mixture and a further 
crop of the solid (C) (0.03 g) was obtained by extraction of the 
aqueous acetic acid mother liquors with chloroform. The solids were 
combined and chromatographed on alumina. 
Elution with light petroleum-toluene (2:1) afforded 7-chioro-
I ,6-dimethyl-3-phenylquinoxaiin-2(IH)-one_(115k) (0.16 g) (23%), 
m.p. 1600 (from ethanol) (lit. 	1620 ) identical (i.r0 spectrum) 
with an authentic sample. 14 
Elution with toluene gave the N-oxide ' (iOkc) (0.26 g) (49%), 
m.p. 2360 (from ethanol) (lit. 1 2380 ) identical (i.r. spectrum) 
with an authentic sample. 
4-N-Acetox1 , 2- dihydro-2-oxo- 1 ,6,7-t rime thyl-3-henylguinoxalinium 
perchiorate (105e) reacted with lithium chloride as described in the 
general method I to give a yellow solution which on dilution with 
water (10 ml) gave a yellow solid (B) (0.37 g). The solid was shown 
by t.l.c. (chloroform) to be a two component mixture and a further 
crop of the solid (C) (0.07 g) was obtained by extraction of the 
aqueous acetic acid mother liquors with chloroform. The solids were 
combined and chromatographed on alumina. 
Elution with light petroleum-toluene (2:1) gave 8-chloro-3 
phenyl-1 ,6,7-trirnethy,guinoxalin-2(1H)-one (123) (0.07 g) ('13%), 
14 1 
mope 1600  (from ethanol) (lit. 	157°), ' max 1 650 (CO) cni, 
't(cDci 3 ) 1 .6k-1 .8o (211, m, ArH), 2.112 (111, a, 11-5), 2.118-2.62 
(311, ni, ArH), 6.03 (311, a, N.CH3), 7.56 (311. a, Cl!3) and 7.62 
(3H, a t Cl!3), identical (ir. and 1  n.m.r. spectra) with an 
authentic sampie.1k 
Elution with toluene gave 
guinoxalin-2(IH)-one (124) as pale yellow needles (0.06 g) (10%), 
m o p e 1960 (from ethanol), p max 1650- 1 660 (co) cm, t (CDC13) 
1.48_i.64 (211, m, ArH), 2.50-2.66 (311, m, AtE), 3.10 (111, 5, 11-8), 
6.36 (311, a, N.CH3) and 7.62 (6H, a, Cl!3). 
Found: C, 68.5; H, 5.1; N, 9.3%: M 298 (300) 
C 17H15C1M20 requires: C, 683; H, 5.0; N, 9. 11%: M 298.5 
Further elution with toluene gave the N-oxide (lOke) (0.29 g) 
(52%), m,p. 2000 (from ethanol) (lit. 	2000 ) identical (i.r. spectrum) 
14 
with an authentic sample. 
4-N-Aceto2y-1, 2 hdro-2-oxo3pnylguinoxalinium Perchlorate 
( 1051) reacted with lithium chloride as described in the general 
method I to give a yellow solid (A) (0.24 g) a further crop (0.20 g) 
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of which was obtained by dilution of the acetic acid mother liquors (B) 
with water (20 ml). The combined solids were crystallised from glacial 
acetic acid to afford the N-oxide (lOkf) (0.35 g) (83%), m.p. 2840 
(lit. 
40 
 2860  ) identical (i.r. spectrum) with an authentic sample. 
(e) 1,4-N ,N-Diacetoxy-1,2-dihydro-2-oxo-3-.ohenylquinoxalinium 
Perchlorate (107a)reacted with lithium chloride as described in the 
general method I to give a pale yellow solution which was diluted (B) 
with water (20 ml) to give 1-N-acetoxy-3-phenylguinoxalin-2(IH)-one 
k-N-oxide (125) (0.37 g) (62%), m.p. 173 (lit. 
14  1740 ) identical 
(i.r. spectrum) with an authentic sample.14 
3. Reactions of the Quinoxalinium Perchlorate (105b) with 
Lithium Bromide 
(1) The quirxalinium perchiorate (105b) reacted with lithium 
bromide as described in the general method I to give a yellow 
solid (A) more of which was obtained by dilution of the acetic acid 
mother liquors with water (10 ml) and extraction with chloroform (C). 
The solids were combined and crystallised from ethanol-glacial acetic 
acid to yield the N-oxide (104b) (0.54 g) (95%), m.p. 1 87° 
(lit. 14 1890 ) identical (i.r. spectrum) with an authentic sample. 
(ii) A suspension of the quinoxaliniuxn perchiorate (105b) in dry 
ether (100 ml) was stirred with lithium bromide (0.70 g, 0.008 mol) 
it room temperature for 1.5 h. Water (5.0 ml) was added and the 
mixture was stirred for 5 min giving a pale yellow solution which was 
concentrated and extracted with chloroform. The extract was washed 
with 5M aqueous sodium hydroxide solution (2 x 10 ml) and 
evaporated to give the N-oxide (104b) (0)+2 g) (70), in.p. 187 ° 
(from ethanol) (lit. 	1890 ) identical (i.r. and 
1 
 H n.m.r, spectra)
14 
with an authentic sample. 
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The alkaline washings were acidified with 5M aqueous sulphuric 
acid and extracted with chloroform to afford 6-chloro-7-hydroxy. 1 -. 
methyl-3-phenylguinoxalin-2(IH)-one (115g) (0.05 g) (9%), m.p. 255° 
(from glacial acetic acid) identical (ier. spectrum) with a sample 
obtained previously. 
. Reactions of the Quinoxalinium Perchlorate (105b) with 
Sodium Tbiocyanate 
(i) The quinoxalinium perchiorate (105b) reacted with sodium 
thiocyanate as described in the general method I to give a yellow 
solid (A) which on washing with water (5.0 ml) afforded 6-chloro-1-
methyl-3-phenyl-7-thiocyanatoquinoxalin-2(IH)-one (115i) as yellow 
plates (0.25 g) (38%1, m.p. 176° (from ethanol), V max 2200 
(NC=s), 1660 (CO) cm- 1 j t (CDC13 ) 1 .63-1 .77 (2H, in, ArH), 
2.Ot$ (IH, as 11-5), 2.44 (111, a, 11-8), 2.46_2.58 (3H, in, ArH) and 
6.26 (311, a, N.CH3). 
Found: C, 58.3; H, 3.0; N, 12.8%: M 327 (39) 
C16H16C1N70S requires: C, 58.6; H, 3.0; N, 12.8%: 14 327.5 
The acetic acid mother liquors were diluted with water (20 nil), 
neutralised by the addition of solid sodium hydrogen carbonate and 
extracted with chloroform to give a yellow solid (C) (o.8 g) which 
was shown by t.].,c. (chloroform) to be a four component mixture and 
was chroniatographed on alumina. 
Elution with light petroleum-toluene (1:1) afforded 6-chioro-
1-methyl-3-phenyluinoxalin-.2(1H)-one (110b) (0.11 g) (2), 
rn.p. 161 0 (from ethanol) (lit. 
141620)  identical (i.r. spectrum) 
with an authentic sample. 
Further elution with light petroleum-toluene (1:1) gave the 
7-thiocyanato compound (115i) (0.025 g) (k%) m.p. 168 0 , identical 
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(i.r. spectrum) with the sample obtained previously. 
Elution with toluene gave the N-oxide (104b) (0.20 g) (35%), 
mop. '189° (from ethanol-glacial acetic acid) (lit. 
14 
1890 ) identical 
(i.r. spectrum) with an authentic sample. 
Elution with ether and chloroform gave an intractable brown 
gum (0.025 g) and a'ci unidentified yellow solid (0.04g). 
(ii) A suspension of the quinoxalinium perchiorate (105b) [prepared 
from 1.0 g, 0.0035 mol of the N-oxide (104b)] was stirred in dry ether 
(200 ml) with sodium thiocyanate (1.3 g, 0.016 mol) for I h and 
than filtered to give a yellow solid which was triturated with 
ethanol (20 ml) and then collected by filtration and washed with 
water (5.0 ml) to give the 7-thiocyanato compound (1151) (0.25 g) 
(22%), m.p. 176 0 (from ethanol) identical with a sample obtained 
previously. 
The ethanol mother liquors were evaporated and treated with 
wate±b (10 ml) to give a gummy yellow solid which was crystallised 
from ethanol to afford 6-chloro-7-ethy- 1 -nethyl3phenylguinoxalin-
2(IH)-one (126c) (0.13 g) (12%), m.p. 180 0 identical (i.re spectrum) 
with a sample prepared previously. 
The ether mother liquors were washed with 5M aqueous sodium 
hydroxide (10 ml) and evaporated to give a gummy yellow solid (0.14 g) 
which on crystallisation from ethanol gave a further crop o. the 
thiocyanato compound (115i) (0.07 g) 	
0 (6%), m.p. 170 identical 
(i.r. spectrum) with a sample prepared previously. 
The alkaline washings were acidified with 5N aqueous sulphuric 
acid and extracted with chloroform to give the 7-hydroxy compound 
(115g), (0.03 g) (6%), m.p. 2600  identical (i.r. spectrum) with a 
sample obtained before. 
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Reaction of the Qujnoxalinjum Perchlorate (105b) with Sodium 
Amide 
A suspension of the quinoxalinium perchiorate (105b) in dry 
ether (100 ml) was stirred with freshly prepared sodium amide 
(0.27 g, 0.008 mol) for 0.5 h and then filtered to remove some 
insoluble solid. The ether was evaporated to give a red gum (0.37 g) 
which was chromatographed on alumina. 
Elution with light petroleum-toluene (1:1) gave 6-chloro-1-
inethyl-3-p4enylguinoxalin-2(IH)-one (liOb) (0.06 g) (ia), m.p. 161 ° 
(from ethanol) (lit. 
14 
1620 ) identical (i.r. spectrum) with an 
authentic sample. 
14 
Elution with toluene-ether (20:1) cave an unidentified yellow 
solid (0.02 g) m.p. 1 1+O_170° , )) 	1660 (Co) cm-1 0max 
Further elution with toluene-ether (20:1) gave an unidentified 
orange solid (0.03 g) m.p. 135-180° , '.1 1660 (CO) cm. Elutionmax 
with toluene-ether (1:2) gave a brown intractable gum (0.15 g). 
The solid which was insoluble in the original ethereal reaction 
mixture was dissolved in water (5 ml). Acidification of the solutions 
with 5M aqueous sulphuric acid and extraction with chloroform yielded 
no further material. 
Reactions of Quinoxalinium Perchiorates with Metal Cyanides 
(a) 4-N-Acetoxy-1 . 2-dihydro-1 -methyl-2-oxo-3-phenylQuinoxalinium 
Perchlorate (io 
(i) The quinoxalinium perchiorate (105a) prepared from 0.50 g, 
0.002 znol of the N-oxide (104a)] was treated with 5M aqueous 
potassium cyanide solution (10 ml) giving a fluorescent solution 
which was heated under reflux on a steam bath for 0.5 Ii, diluted 
with water (10 ml) and filtered to give 7-hydroxy-1--methyl-3-phenyl-
quinoxaiin-2(IH)-one (115h) (0.22 g) (144%), m.p. 3000 (from glacial 
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acetic acid) (lit. 14,38 3000) identical (i.r. spectrum) with an 
authentic sample. 14 
The filtrate was acidified with 5M aqueous sulphuric acid and 
extracted with chloroform. Evaporation of the extract gave no 
material. The acidic solution was adjusted to pH 7 by the addition 
of solid sodium hydrogen carbonate and extracted iith chloroform 
but afforded no further material. 
(ii) The quinoxalinium perchiorate ( 105a) [prepared from 0.50 g, 
0.002 mol of the N-oxide (lOLfa)j was dissolved in dimethylformamide 
(20 ml) at room temperature and the solution was added to a hot 
solution of sodium cyanide (0.39 g, 0.008 mol) in dimethylformainide 
(100 ml). The mixture was allowed to stand at roou temperature for 
0.5 h and was then diluted with water (200 ml) and extracted with 
chloroform to give the 7-hydroxy compound (115h) (0.35 g) (70%), 
m.p. 3000  (from glacial acetic acid) (lit. 
14,38 3000 ) identical 
(i.r. spectrum) with an authentic saniple1' 
(b) k-N-Acetoxy.6-chloro-t 2-dihydro1 -methyl-2-oxo3-.phenyl-
guinoxaliniumPerchiorate (105b) 
A suspension of the perchiorate (105b) in dry ether (100 ml) 
was treated with sodium cyanide (o.ko g, 0.008 mol) as described, in 
the generalal method II to give a yellow gummy solid (0.1 g) which was 
ehown by t.l.c. (chloroform) to be a tnulticomponent mixture. 
The aqueous washings were acidified with 5M aqueous sulphuric 
acid and extracted with chloroform to give the 6.chloro-7-hydroxy 
compound (115g) (0.3 g) (60%), m.p. 255 (from glacial acetic acid) 
identical with a sample obtained previously. 
A suspension of the perchiorate (105b) in dry ether (100 ml) 
was treated with silver cyanide 0.1 g, 0.008 mol), as described 
in the general method II to give a gummy solid which was extracted 
into chloroform and washed with 5M aqueous sodium hydroxide solution. 
The extract was evaporated to give 6-chloro-7-ethoy-1-mejy3-
phenyl2uinoxalin-2(IH)-one (126c) (0.3 g) (53%), m.p. 181 0 (from 
ethanol) identical (i.r. spectrum) with a sample prepared previously. 
The alkaline washings were acidified with 5M aqueous sulphuric 
acid and extracted with chloroform to give the 6-chioro-7-hydroxy 
compound (1159) (0.1 g) (20%), m.p. 2550 (from glacial acetic acid), 
identical with a sample obtained before. 
7. Reactions of the Quinoxalinium Perchlorate (105b) with Sodium 
Azide. 
(i) A suspension of the perchiorate (105b) in dry ether (100 ml) was 
treated with sodium azide (0.52 g, 0.008 mol) as described in the 
genera]. method II to give a yellow solid which was dissolved in 
chloroform and washed with 5M aqueous sodium hydroxide solution 
(2 x 10 ml). The chloroform extract gave a yellow solid (0.23 g) 
- which was shown by t.l.c. (chloroform) to be a mixture of at leact 
two components. The mixture was chromatographed on alumina. Elution 
with light petroleum.-toluene (1:2) gave 7-azido-6-chloro..1-meth2.-3-
pny.guinoxalin-2(1H)-one (115f) (0.05 g) (0), m.p0 1600 , 
V IflaX 2175 (N3
) and 1660 (Co) cm,1 (CDC13) 1.6+-1.78 (211, m, ArH), 
2.08 (IH, 8, H-5), 2.42-2.62 (3H, m, ArH), 3,05 (1H, a, 11-8) and 
.28 (311, s, N.CH3). 
Further elution with light petroleum-toluene (1:2) gave 
6-chloro-7-ethoxy- 1 -methyl-3-pheryluinoxalin -2 ( 111)-one (126c) 
(0.16 g) (28%), m.p. 1810  (from ethanol) identical (i.r. spectrum) 
with a sample obtained previously. 
The alkaline washings were acidified with 5N aqueous sulphuric 
acid and extracted with chloroform to give the 6-chloro-7-hydroxy 
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compound (1159) (0.17 g) (35%), m.p. 2560 , identical (i.r. spectrum) 
with a sample obtained before. 
(ii) The reaction (i) was repeated with the modification that the 
reaction mixture was stirred at room temperature for 3 h. The gummy 
solid which was obtained (0.37 g) was chromatographed on alumina. 
Elution with ight petroleum-toltene (1:1) gave the 7-azido 
compound (115f) (0.1 g) (18%), m.p. 160 0 , identical (i.r. spectrum) 
with the sample obtained in the previous reaction. The solid 
deteriorated on standing. 
Elution with toluene gave the 7-ethoxy compound (126c) (0.16 g) 
(28%), m.p. 181 0 (from ethanol) identical (i.r. spectrum) with a 
sample obtained befre. 
Further elution with toluene gave the N-oxide (104b) (ox g) 
(8%), m.p. 189° (from ethanol) (lit. 114 1890) identical (i.r. spectrum) 
with an authentic sample. 14 
The alkaline washings were acidified with 5M aqueous sulphuric 
acid and extracted with chloroform to give the 7-hydroxy compound (115g) 
(o.i g) (20%), m.p. 25140 (from glacial acetic acid) identical. 
(i.r. spectrum) with a sample obtained before. 
3.3 Reactions of Quinoxalinium Perchiorates with Alkali and Water 
(1) The quinoxalinium perchiorate (105a) [prepared from 0.5 99. 
0.002 mol of the N-oxide (lOka)] was treated with 5M aqueous sodium 
hydroxide (25 ml). The mixture was heated under reflux for I min 
and then hot filtered. The insoluble material was washed with water 
and dried to yield the 7-hydroxy compound (115h) (0.1 g) (20%), m0p. 
280-3000 (lit. 14,38  3 0), identical (i.r. spectrum) with an 
authentic sample. 114 
The aqueous sodium hydroxide was acidified with 5M aqueous 
sulphuric acid and the yellow precipitate was collected, washed 
with water and sucked dry to give the 7-bydroxy compound (115h) 
(0.15 g) (3030, m.p. 295-3070 , identical (i.r. spectrum) with an 
authentic sample. 
14 
The quinoxalinium perchiorate ( 105b) prepared from 0.57 g, 
0.002 mol of the N-oxide (104b) was treated with water and the 
yellow suspension was stirred at room temperature for 1 h. The solid 
was collected, washed with water (10 ml) and dried in vacuo to yield 
6-ch].oro-7-hydroxy- I  -metyl-3-phenylquinoxalin-2  ( 1H) -one (112,S) 
as yellow prisms (0.54 g) (95%), mop. 2610 (from glacial acetic 
acid), 	3300-3200 br (OH) and 1660 (co) cm- 1 9 	(CF3.0O2H)max ' 
1.76 (IH, a, 11-5), 1.80-2.33 (511, m, ArH), 2.54 (iR, a, ArH) and 
5.98 (311, a, N.CH3). 
Found: C o 62.7; H, 3.8; N, 9.9%: M' 286 (288) 
C15H11C].N202 requires: C, 62.8; H, 3.8; N, 9.8%: M 286.5 
The quinoxalinium perchlorate ( 107a) [prepared from 0.50 
0.002 mol of the N-oxide (106a)] was stirred in water (5.0 ml) at 
room temperature for I b. A brown solid was obtained (0.36 g) 
mop. 100-107 which was shown by tl.c. (chloroform) to be a 
multicomponent mixture. Attempts to purify the solid by 
crystallisation were unsuccessful. 
The quinoxalinium perchlc.rate (105i) [prepared from 0.47 g, 
0.002 mol of the N-oxide (lOkf)} reacted with water (5.0 ml) as 
described in the previous experiment to give a brown solid (O.45 g) 
mop. 200-2500 , V max 3400-31
00 br (OH) and 1660 (CO) cm -1 
Attempted crystallication of the solid from a variety of solvents 
gave intractable gums. 
3.4 The Reactions of N-Acetoxyguirioxalinium Perchiorates with 
Alcohols 
General Method 
The freshly prepared N-acetoxyquinoxalinium perch].orate (105) or 
(107) [prepared from 0.002 mol of the corresponding N-oxide (104) or 
(106)] was added to the alcohol (2.5 -10 ml) at room temperature. 
A vigorous reaction took place and a yellow crystalline solid was 
obtained. The reaction mixture was heated on a boiling water bath 
for 0.5 Ii and the volume of alcohol was increased (25-160 ml) until 
all the solid was in solution. On cooling, the yellow crystalline 
solid was collected by filtration, washed with a little alcohol, 
followed by water and dried in vacua to yield the product. 
The mother liquors were worked up as described in the individual 
reactions. 
The quantities described in this general method were used in 
experioments 3.4 (a)-(w). 
(a) 7-Ethoxy-1-methyl-3-phenyqinoxalin-2( IH)-one (126a) 
The quinoxalinium perchlorate (105a) reacted with ethanol (10 ml) 
to give 7-ethoxy-1-met4yl-3-2henylguinoxa1in-2( IH)-one (126a) as 
yellow prisms (o.ko g) (71%), m.p. 111 0 (from ethanol), v max 
1650 (CO) cm 1 ,'t(CDC13) 1.66-1.85 (2H, m, ArH), 2.21 (1R, d, 
ortho 9.0 Hz, H-5), 2.50-2.68 (3H, m, ArH), 3.13 (iii, dd, J ortho 
9.0 Hz, Jmeta  2.5 Hz, H-6), 3.34 (IH, d, Jmeta  2.5 Hz, H-8), 
5.88 (2H, q, J 7.0 Hz, CR2), 6034 (311, s N.CH3) and 8.54 
(311, t, J 7.0 Hz, CH3). 
Found: C, 72.5; H,  5.5; N, 9.9%: M 280 
C17H16N202 requires: C. 72.8; H, 5.7; N, 10.0%: N 280 
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The ethanol mother liquors were concentrated under reduced pressure, 
treated with saturated aqueous sodium hydrogen carbonate (10 ml) and 
extracted with chloroform to give a brown gum (0.12 g) which was 
shown by t.l.c. (chloroform) to be a multicomponent mixture. 
7-14ethoxy-1-methyjl--3-ieny].2uinoxalin-2( IH)-.one (125b) 
The quinoxaliniuni perchiorate ( 105a) was h€ttLd under reflux ii 
methanol (30 ml) for 0.5 h. The reaction mixture was concentrated, 
treated with water (10 ml) and extracted with chloroform to give a 
yellow solid (0.20 g) which was crystallised from light petroleum-
benzene to give the 7-hydroxy compcund (115h) (0.03 g) (6%), 
o 	1,3 	o 	. m.p. 290 (lit. 	300.) identical (i.r. spectrum) with an authentic 
11+ 
sample. 
The mother liquors were evaporated to afford 7-methoxy-l-methyl-




(lit. 	96 ) identical (i.r. spectrum) with an authentic sample. 
6-Ch' oro7-ethoxy_1-methyl3-phenylqinoxaiin-2(1H)ne  (126c) 
The quinoxalinium perchiorate (105b) reacted with ethanol (25 ml) 
to give -chloro-7-ethoy1-methyl-3-pheny12uinoxalin-2(1H)-one  (126c) 
as pale yellow prisms (0.36 g) (57%), M.P. 1810 (from ethanol-glacial 
acetic acid), 1660 (co) cm- , T(CDC].3) 1.62-1.86 (2H, m, ArH), 
max
2.19 OH, a, H-5) 9 2.48...2.68 (3H, m, ArH), 3.1+5 (in, a, 
5.87 (2H 9 q, J 7.0 Hz, OH2), 6e39 (3H, a, N.CH 3) and 8.1+9 oH, t, 
J 7.0 Hz, OH3). 
Found: C, 64.8; H, 11.7 ; N, 9.11%: M 311+ (316) 
C17H15C1N202 requires: C, 64.8; H, 11.8; N, 8.9%: 14 3111.5 
The ethanol mother liquors were concentrated and treated with 
water (10 ml) to give a yellow solid which was crystallised from 
ethanol to yield a further crop of the ethoxy compound (126c) (0.05 g) 
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m.p. 179 identical (i.r. spectrum) with the first crop. 
Cd) 6-Chloro-7-methoxy-1-methyl-3-pyl2uinoxalin-2(  IH)-one (126d) 
The quinoxalinium perchiorate (105b) reacted with methanol (30 ml) 
to give 6-chloro-7-methox1-meth]3phenylquinoxalin-2( IH)-one (126d) 
as pale yellow needles (0.33 g) (63%), m.p. 1880 (from methanol-
glacial rcetic acid), Id 	1660 (co) crnt(CDCl3) 1.61r1.84(211, m,max 
ArH), 2.17 (IH, s, H-5), 2.48-2.663H, m, ArH), 3.42 (IH, s, 11-8), 
6.05 (3H, s,.O.CH3) and 6.35 (311, a,. N.CH7 ). 
Found: C, 61i.0; H, 4.2; N, 9.1%: M 300 (302) 
C16H13C1N202 requires: C, 63.9; H, 4.3; N, 903%: M 300.5 
The methanol mother liquors were concentrated and treated with 
water (1.0 ml) and methanol (1.0 ml) to give a further crop of the 
methoxy compound (126d) (O,OLi g),m.p. 185° identical (i.r. spectrum) 
with the first crop. 
Evaporation of the aqueous methanol mother liquors gave a brown 
gummy solid (0.1 g) which was shown by t.l.c. (chloroform) to be 
a multicomponent mixture. 
(e) 6-.Ch].oro-7.isopropçy-1-methyl-3-phenyl2uinoxalin-2(1H)-one (126e) 
The quinoxalinium perchiorate (105b) reacted with isopropanol 
(15 ml) to give 
20H)-ono (126e) as pale yellow needles (0.29 g) (49%), m.p. 1380  
(from ethanol) V 	1655(C0) cm, t(CDC13 ) 1.65-1.85 (211, m, ArH),max 
2.15 OH, a, 11-5), 2.45-2.65 (3H, ni, P.rH), 3.33 (111, a, 11-8) 1  
5.31 (111, septet, J 6.3 Hz, CH), 6.31+ (311, a, N.CH3) and 8.54 (6H, d, 
J 6.3 Hz, Gil 7 ). 
Found: C, 65.9; H, 5.0; N, 8.9% 
C18H17C1N202 requires: C, 65.8; H, 5.2; N, 8.% 
The isopropanol mother liquors were concentrated and diluted with 
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water (15 ml) to give a yellow solid (0.15 g) which was crystallised 
from ethanol to afford a further crop of the isopropoxy compound (126e) 
(0.10 g) (17%),m.p. 130, identical (i.r. spectrum) with the first 
crop. 
,6-Dimethy1-7-ethoxy-e-phenyquinoxalin-2(1H)-one (126f) 
The quinoxalinium perchiorate (105c) reacted with ethanol (30  ml) 
to give 1, 6-dimethyl-7-ethoxy-3-phenylguinoxalin-2( IH) -one (1261) as 
pale yellow prisms. (0. 1+0. g) (68%),. m.p. 173
0 
 (from ethanol-glacial 
acetic acid),)) max 1650 (CO) cm- ,t(CDCl3 ) i.61+-i.80 (2H, m, ArH), 
2.36 (111, a, 11-5), 2.48_2.62 (311, m, ArH), 3.1+6 (IH, s, 
5.89 (211, q, J 7.0 H3, CH 2), 6.32  (311, 8 N.CH3), 7.72 (311, s, CH 3) 
and 8.51 (311, t, J 7,.0 Hz, CH 3 ) 
Found: C. 73.6; H, 6.1; N, 9.6% 
C 18H18N202 requires: C, 73.5; H, 6.2; N, 9.5% 
The ethanol mother liquors were concentrated, treated with 
water (10 ml) and extracted with chloroform to give a further crop 
of the ethoxy compound .126f) (0.08 g), m.p. 1680  identical 
(i.r. spectrum) with the first crop. 
I ,6-Dimethyl-7-methoxy-3-phcnylguinoxalin-2( IH)-one (i 
The quinoxalinium perchiorate (105c) reacted with methanol 
(20 ml) to give 1 ,6-dimethyl-7-methoxy-3-pherylquinoxalin-2( IH)- 
one (126g) as yellow prisms (0.30 g) (51+%), i.p. 11+3 0 (from ethanol), 
V max 1650 (CO) cm,1(CDCl3) 1.62-1.80 (211, m, ArH), 2.35 (111, s 
11-5), 2.46_2.6 14 (311, m, ArH), 3.1+5 (111, a, 11-8), 6.08 (311, a, 0.CH3), 
6.30 (311, a, N.CH3) and 7.72 (311, a, CH3). 
Found: C. 73.3; H,  5.7; N, 10.1% 
C17H16N202 requires: C. 72.8; H, 5.7; N, 10.0% 
A further crop of the methoxy compound (126g) (0.05 g),m.p. 140 0 
was obtained from the methanol mother liquors on standing, identical 
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(i.r. spectrum) with the first crop. 
The mother liquors were finally concentrated, diluted with 
water (20 ml) and extracted with chloroform to give a brown gum (0.03 g) 
which was shown by t.l.c. (chloroform) to be a multicomponent mixture. 
7..Ethoxy-6-methoxy-1-methyl-3-phenylquinoxalin-2( 111)-one (126h) 
A suspension of the quinoxalinium perchlorae (105d) [prepared 
from 0.56 g, 0.002 mol of the N-oxide (104d)} in the minimum of dry 
ether (10 ml) was stirred with ethanol (10 ml) at room temperature for 
15 min and then heated under reflux on a boiling water bath for 30 mm. 
The reaction mixture was cooled and the solid was collected, washed 
with water (10 ml) and crystallised (charcoal) from ethanol-glacial 
acetic acid to give 7-etho2y-6-methoxy- 1 -methyl-3..-phenyiguinoxalin-
2(IH)-one (126h) as yellow prisms (0.4.g) (64%), m.p. 157 9 V Max 
1650 (co) cm, 't (CDC13) 1.62-1.82 (211, m, ArH), 2.44.-2.60 (311, m, 
ArE), 2.65 (111, a, 11-5)9 3.32 (IH, a, 11-8) 9 5.79 (211, q, J 7.0 Hz, CH 2 )1 
6.07 (3H, a, 0.CH3), 6.30 (311, a, N.CH3) and 8.45 (311, t, J 7.0 Hz, 
Found: C. 69.5; 11, 6.0; N, 9.0 
C 18H18N203 requires: C. 69.7; H, 5.9; N,  9.5% 
The ethanol-ether mother liquors were diluted with ether (100 ml), 
washed with saturated aqueous hydrogen carbonate solution and 
evaporated to give a brown gum (0.15 g) which was shown by t.l.c. 
(chloroform): to be a multicomponent mixture. 
6_,7-Dimethoxy-1-methyl-3-phenylquinoxalin-2( 1H)-one (126i) 
A suspension of the quinoxalinium perchiorate (105d) [prepared 
from 0.56 g, 0.002 mol of the N-oxide (lokd)] in the minimum of dry 
ether (10 ml) reacted with methanol (10 ml) as described in the 
previous experiment to give 6 ,7-dimethoxy-1-methyl-3-phenylguinoxalin- 
0 2(111)-one (126k) as yellow rectangular prisms (o.ko g) (68%), m.p. 147 
914 
(from ethanol-glacial acetic acid), v . max 1 650 (co) cm 1 , 't (CDC13 ) 
1.60-1.80 (2H, m, ArH), 2.1+6-2.65 (3M, m, ArH), 2.68 (IH, a, H-5), 
3.36 (1H 9 a, H-8), 6.03 (311, 8 o.CH3), 6.07 (3M, a, 0.CH3) 
and 6.30 (3H, a, N.CH3). 
Found: C, 68.1+; 11, 5.1+; N, 9.1+% 
C17H16N203 requires: C, 68.9; H, 5.1+; N, 9.5% 
The methanol-ether mother liquors were worked up as described in 
the previous experiment to give a brown gum (0.06 g) which was shown 
by t.l.c. (chloroform) to be a multicomponent mixture. 
Dimethyl_7_ethoxymethyl_3_phenylguinoxalin_ 2( 1H)_one (126j) 
The quinoxalinium perchlorate (105e) reacted with ethanol (2.5 ml) 
to give 1, 6-dirnethyl-7-ethoxymethyl-3enylguinoxalin-2( IH)-one 
(126j1 as pale yellow prisms (0.30 g) (1+9%), m.p. 11+3 0 (from ethanol), 
V Max 16 1+5 (co) cm-1 I t(CDCi3) 1.62-1.76 (211, m, ArH), 2.32 (1H, s, 
11-5), 2.1+8-2.60 (3H, m, ArM), 2.65 OH, a, 11-8), 5.1+3 (211, a, CH 2), 
6.28 (311, a, N.CH 3), 6.35 (211, q, J 7.0 Hz, CH 2), 7.65 (311, a, CH 3) 
and 8.70 (311, t, J 7.0 Hz, CH 3). 
Found: C, 74.3; H, 6.7; N, 9.2% 
C19H20N202 requires: C, 74.0; H, 6.5; N, 9.1% 
The ethanol mother liquors were diluted with water (10 ml) and 
extracted with chloroform. The extract was washed with saturated 
aqueous sodium hydrogen carbonte (5.0 ml), water and evaporated to 
give an intractable brown gum (0.08 g) which was shown by t.l.c. 
(chloroform) to be a multicomponent mixture. 
I ,6-Dimethl-7-methoxymeth3-phenylquinoxalin-2(1H)-one (126k) 
The quinoxalinium perchlorate (105e) reacted with methanol (2.5 ml) 
to give 
0 
(126k) as pale yellow prisms (0.28 g) (1+3%), m.p. 172 (from ethanol), 
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V max 161 5 (Co) cm 1 ,C(CDC13
) 1.62-1.78(21!, m, ArH), 2.31 (11!, s, 
H-5)12.46-2.62 (3H, m, ArH), 2.66 (11!, a, 11-8), 5.47 (2H, a, 0.CH2), 
6.27(31!, 6, N.CH3), 6.52 (31!, a, 0.CH3) and 7.66 (3H 9 a, Cl!3). 
Found: C, 73.0; H, 6.3; N, 9.5% 
C18H18N202 requires: C, 73.4; H, 6.2; N, 9.5% 
The methanol iother liquors were diluted with water (10 ml) and 
extracted with chloroform. The extract was washed with saturated 
aqueous sodium hydrogen carbonate (10 ml), water and evaporated to 
give a brown gum (0.06g) which was shown by t.l.c. (chloroform) to 
be a multicomponent mixture. 
(1) 7-Ethoxy-3-phenylguinoxalin-2( 1H)-one (1261) 
The quinoxalinum perchiorate (105f) reacted with ethanol (50 nil) 
to give 7-ethoxy-3-phenylguinoxalin-2(1H)-one (1261) as pale yellow 
needles (0.38 g) (71%), m.p. 2250 (from glacial acetic acid), V max 
1650 (CO) cm,t(CF3.0O2H) 1.80-2.00 (31!, m, Ar!!), 2.14-2.44 (3!! 9 
ni, ArH), 2.67 (iu, dd, Jortho  9.0 Hz, j meta  2.5 Hz, H-6), 2.86 
(Ia, d, Jmeta  2.5 Hz, H-8), 5.69 (211, q, J 7.0 Hz, Cu 2) and 8.45 
(31! 9 t, J 7.0 Hz, CE3). 
Found: C. 72.2; H, 5.1; N, 10.7% 
C 16H14N202 requires: C, 72.2; H, 5.3; N, 10.5% 
The ethanol mother liquors were concentrated and treated with 
water (5.0 ml) to give a yellow solid (0.07 g) which was crystallised 
from glacial acetic acid to afford a further crop of the ethoxy 
compound (1261) (0.04 g), m.p. 2240 identical (hr. spectrum) with 
the initial crop. 
Complete evaporation of the mother liquors gave a brown intractable 
gum (0.02 g). 
Cm) 2.Methoxy3-phenylguinoxalin_2( 1H)-one (126m) 
The quinoxalinium perchiorate (1051) reacted with methanol (70 in].) 
to give 7-methoxy-3-phenylguinoxalin2(1H)_one (126m) as pale yellow 
needles (0.37 g) (73%), m.p. 2400 (from glacial acetic acid), max 
1665-1660 (Co) cm, 1 (CF 3.CO2H) 1.76-2.00 (311, in, ArH), 2.10-2.40 
(3H, m, tkrH), 2.65 (IH, dd, J oh o 9.0 Hz, J 
meta  2.5 Hz, H-6), 
2.82 (IH, d, J 
meta  2.5 Hz, 11-8) and 5.92 (311, s, 0.CH3). 
Found: C, 71.0; 11, 4.7, N, 11.0% 
C15H12N202 requires: C, 71.4; H, 4.8; N, 11.1% 
The methanol mother liquors were concentrated and treated with 
water (5.0 ml) to give a yellow solid (0.07 g) which was crystallised 
from glacial acetic acid to give a further crop of the methoxy 
compound (126m) (0.04 g), m.p. 233° identical (i.r. spectrum) with 
the first crop. 
(n) 6-Chloro-7-ethoxy-3-phenylguinoxalin-2(1H)_one (126n) 
The quinoxalinium perchiorate (105g) reacted with ethanol (50 ml) 
to give 6-chloro-7-ethoxy73-phenyiquinoxalin-2(IH)-one (126n) as 
pale yellow needles (0.14 g) (23%), m.p. 279 (from glacial acetic 
acid), Vm 	1660 (co) cm,t(CF3.0O2H)  1.72-1.92 (3H 9 in, ArH), 
2.08-2.40 (311, in, ArH), 2.78 (111, s, H-'8), 5.62 (211, q, J 7.0 Hz, CH 
2 )
and 8.36 (311, t, J 7.0 Hz, Cl! 3). 
Found. C, 637; H, 4.3, N, 9.6%. M 300 (302) 
C16H13C1N202 requires: C, 63.9; H, 4.3; N, 9.3%: M :300.5 
The ethanol mother liquors were concentrated and treated with 
water (5 , 0 ml) to give a yellow solid (0.27 g) which was crystallised 
from aqueous acetic acid to give a further crop of the ethoxy 
compound (126n) (0.20 g) (33%), m.p. 270° identical (i.r. spectrum) 
with the first crop. 
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Complete evaporation of the mother liquors gave a gummy solid 
(0.04 g) which was shown by t.l.c. (chloroform) to be a multicomponent 
mixture. 
6-Chloro-7-methoxy-3-phen2lquinoxalin-2( 111)-one (126o) 
The quinoxalinium perchlorate (105g) reacted with methanol 
(110 ml) to give 6-.ehlcro-7--methoxy-3-phenylguinoxalin-2(1H)-one (126o) 
as pale yellow needles (0.24 g) (42%), m.p. 2800  (from glacial acetic 
acid), V 	 1660 (co) cm,'C(CF3.0O2H) 1.73-1.93(311, m, ArH),max 
2.03-2.4O (311, m, 'ArH), 2.75 (111, a, H-B) and 5.86 (311, a, 0.CH3). 
Found: C, 62.8; 11, 3.8; N, 9.859 
C 15H11C1N202 requires: C, 62.8; H, 3.8; N, 9.8% 
The methanol nicther liquors were concentrated and treated uith 
water (5.0 ml) to yield a further crop of the methoxy compound (126o) 
(0.19 g) (33%), m.p. 271 0  identical (i.r. spectrum) with the first 
crop. 
7-Ethoxy-6-methyl-3- y]q4noxalin-2 ( 111)-one (! 
The quinoxalinium perchiorate (105h) reacted with ethanol (25 ml) 
to give 7-ethoxy--6-methyl-3-phenylquinoxalin-2(1H)-one (1262) as 
pale yellow prisms (o.ko g) (71%), m.p. 251+0 (from glacial acetic 
acid), )) 	1660 (co), 1(CF3.0O2H) 1.80-2.44 (611, m, ArH),max 
2.88 OH, a, 11-8) 9  5.66 (211, q, J 7.0 Hz., CH 2 ), 7.55 (311, a, Gil3) 
and 8.39 (3H 9 t, J 7.0 Hz, CM3). 
Found: C. 73.0; H, 5.8; N, 9.8% 
C 17H16N202 requires: C, 72.8; H, 5.8; N, 10 
The ethanol mother liquors were concentrated and treated with 
water (2.0 ml) to give a further crop of the ethoxy compound (126p) 
(0.09 g) (16%), m.p. 2460 identical (i.r. spectrum) with the 
material obtained before. 
7-Methoxy-6-methyl-3-phenylquinoxalin-2( 111)-one (126q) 
The quinoxalinium perchiorate (105h) reacted with methanol 
(25 ml) to give 7-methoxy-6-methyl-3-phenylquinoxalin-2(IH)-one (126q) 
as yellow prisms (0.47 g) (88%), m.p. 271 0 (from glacial acetic 
acid), V 	1660 (co) cm', 't (CF3. 0O2H) 1.76-2.44 (6H, m, ArH), max
2.86 (111, s, H-8), 5.89 (311 9 a, o.d113) and 7.56 (3H, a, CH..). 
Found: C, 72.5; H, 5.4; N, 10.6%. 
C16H14N202 requires: C, 72.2; H, 5.3; N, 10.5%. 
The methanol mother liquors were concentrated and treated with 
water (2.0 ml) to give a further órop of the methoxy compound (126q) 
(0.04 g), m.p. 2670, identical (i.r. spectrum) with the first crop. 
thoxy-6-methoxy-3-.pheny6piinoxalin-2(1H)-'rne (126r) 
The quinoxalinium perchlorate (1051) reacted with ethanol 
(160 ml) to give 7-etho2y-6-methoxy-3-phenylguinoxalin-2( IH) -one (126r) 
as yellow prisms (0.25 g) (42%), m.p. 263 0 (from glacial acetic acid), 
V 	1660 (co) cm-1 , T(CF3.CO2H) 1.74-1.94 (211, m, ArH), 2.122.42max 
(4H, m, ArH), 2.74 (IH, 8 H-8), 5.58 (2H, q, J 7.0 11z, CH 2), 
5.88 (311, a, 0.CH3) and 8.40 (3H, t, J 7.0 Hz, CH 3). 
Found: C, 68.3; H, 5.4; N, 9.4% 
C17H16N203 requires: C, 68.9; H, 5.4; N, 9.4% 
The ethanol mother liquors were concentrated and treated with 
water (5.0 ml) to give a solid (0.2 g) which was crystallised from 
glacial acetic acid to yield a further crop of the ethoxy compound 
(126r) (0.15 g) (25%), m.p. 255
0 
 identical (i.r. spectrum) with 
the first crop. 
6,7-Dimetho7.y.-3-phenylQuinoxalin-20H)-.one (126s) 
The quinoxalinium perchiorate (1050 reacted with methanol 
(150 ml) to give 	 (126s) 
as pale yellow prisms (0.28 g) (50%), m.p. 255 (from glacial acetic 
acid),V 	1660 (CO) cm,t'(CF3.CO2H) 1.70-1.90 (211, m, ArH),
max 
2.10-2.42 (1411, in, ArH), 2.70 (111, a, H-8), 5.82 (3H, a, 0.CH3) and 
5.88 (311, a, 0.CH3). 
Found: C, 68.1; H, 5.0; N, 10.1% 
C 10102 
 requires: C, 68.1; H, 5.0; N, 9.9 
The methanol mother liquors were concentrated to 40 ml giving 
a further crop of the methoxy compound (126s) (0.07 g),in.p. 254 0 9  
identical (i.r. spectrum) with the initial crop. Complete 
evaporation of the mother liquors gave a brown intractable gum (0.1 g). 
7Ethoxymethyl-6-methyl-3-phenylguinoxalin-2( 111)-one (126t) 
The quinoxalinium perchiorate (105j) reacted with ethanol 
(20 ml) to give 7_ethoxmey]_6_methyl3phenylguinoxalin-2(1H)-Ofle 
(126t) as pale yellow prisms (0.22 g) (37%), m.p. 2180 (from glacial 
acetic acid), 	1660 (co) cm 1 1 t(CF3.002H) 1.68-2.40 (711, in,max 
ArH), 5.02 (2H, s, 0.CH 2), 6.02 (211, q, J 7.0 Hz, 0.CH2), 
7.44 (3H, s, Cl!3) and 8.54 (311, t, J 7.0 Hz, CH3). 
Found: C, 73.6; H, 6.2; N, 9.4% 
ç 18H18N202 requires: C, 73.5; H, 6.2; N, 9.5% 
The ethanol mother liquors were concentrated to give a further 
crop (0.04 g) of the ethoxymethy]. compound (1260 m.p. 215 ° , 
identical (i,r. spectrum) with the first crop. 
6,7..Diniethyl-5-inethoxy-3-phepylguinoxalin -2( IH)-one (129) 
The quinoxa].iniuin perchlorate (105j) reacted with methanol 
(20 ml) to give 6,7_dimethyl_5_mety.37phenyquinoxalin -2 ( 1) -one 
(129) as yellow prisms (0.20 g) (36%), m.p. 2790  (from glacial 
acetic acid),. )) 	1650 (co) cm 1 ,(CF3 .0O2H) 1.66-2.40 (6H, m,max 
Ar!!), 5.90 (311, 8 0.CH3) and 7.48 (611, s, Cl!3). 
Found: C, 72.8; H, 5.9; N, 10.0%: 
I4 
 280 
C17H16N202 requires: C, 72.8; H, 5.8; N, 10.0%: !4 280 
The methanol mother liquors were concentrated to give a yellow 
solid (0.09'g) which was crystallised from glacial acetic acid to 
yield a further crop of the methoxy compound (129) (0.05 g) (9%), 
m.p. 272°, identica. (i.r. spectrum) with the initial crop. 
Complete evaporation of the mother liquors gave a brown 
intractable gum (0.04 g). 
(v) 1 -N-Acetoxy-7-ethoxy..3-phenylguinoxalin- 2( IH)-one (131a) 
The quinoxalinium perchiorate (107a) reacted with ethanol 
(20 ml) to give 1-N-acetoxy-7-ethoy-3-2heniinoxalin-2(1H)-one 
(131a) as pale yellow needles (0.2 g) (31%), m.p. 1k7 ° (from 
ethanol), V max 1795 (N.OAc) and 1670 (co) cm- I , C(CDC13) 1.60-1.76 
(211, m, ArH), 2.15 (111, d, J ortho 9.0 Hz, 11-5), 2.442.64 (311, m, 
ArH), 3.07 (1H, dd, Jortho  9.0 Hz, Jmeta  2.5 Hz, 11-6), 3.37 (IH, d, 
meta 2.5 Hz, 11-8), 5.89 (211, q, J 7.0 Hz, 0.CH2), 7.50 (3H, s, 
N.OAc) and 8.55 (311, t, J 7.0 Hz, CH3). 
Found: C, 66.3; H, 4.8; N, 8.9%: M 324 
C18H16N2O 1 requires: C, 66.7; H, 5.0; N, 8.6%: H 324 
The ethanol mother liquors were concentrated at room temperature 
to give a yellow solid which was collected and washed with water 
(10 ml) to give 7-ethoxr-1 -N-hydroxy-3-phenyL2uinoxalin- 2 ( 1H-one 
(131b) as yellow prisms (0.15 g) (27%), m.p. 178 0  (from ethanol-
glacial acetic acid), )) 	3100-2600 br (OH), 1600 (co) cm,max 
't(cDc13) 1.50-1.78 (211, m, ArH), 2.14 (IH, d, J ortho 9.0 Hz, 11-5), 
2.46-2.66 (3H, rn, ArH), 2,82-3.96 (211, m, ArH), 5.80 (211, q, J 7.0 Hz, 
CH2) and 8.52 (311 9 t, J 7.0 Hz, CH3). 
101 
Found: C, 67.6; H, 5.0; N, 9.7%: M 282 
C 101029 
 requires: C, 68.1; H, 5.0; N, 9.9%: M 282. 
The N-hydroxy compound (131b) gave a deep red colour with 
ferric chloride in ethanol. 
Cv) 1-N-Acetoxy-7-methoxy-.3-phenylquinoxalin-2( IH)-one (131c) 
The quinoxaliniurn perchiorate (107a) reacteó with methanol (5.0  ml) 
to give 1-N-acetoxy-7-methoxy-3-pheny1cinoxalin-2 ( 1 fl) -one ( 1 3 1 c) 
as yellow needles (0.3 1 g) (50%), M.P. 1570 (from ethanol), 1) 5 
1795 (N.OAc) and 1680 (co) cm- 1 I 	(CDC13) 1.60-1.76 (211, m, ArH), 
2.14 (IN, d, J ortho  9.0 Hz, H-5), 
2. 1+0-2.60 (3H, in, ArH), 3.06 (iN, 
dd, J ortho  9.0 Hz, J meta  2.5 Hz, 11-6), 3.37 (IN, d, J meta  2.5 Hz, 
H-8), 6.13 (311, s, 0.CH3) and 7.52  (311, a, N.OAc). 
Found: C, 65.3; H, 4.5; N, 8.9%: M 310 
C 17H 11+N201+ requires: C, 65.8; H, 4.5; N, 9.0%: M 310 
The methanol mother liquors were concentrated at room 
temperature to give a yellow solid which was collected and washed 
with water (10 ml) to give I -Nhydroxy-7-methoxy3pienylquinoxalin_ 
2(IH)-one (131d) as yellow prism (0.1 g) (19%), m.p. 2020 (from 
ethanol-.glacial acetic acid), V 	3100-2700 br (OH) and 16 1+0_1620max 
(co) cm, 11 (CDC13) 1.1+5-1.76 (3H, m, ArH), 2.00-2.61+ (511, in, ArH) 
and 6.05 (311, a, O.CH 3). 
Found: C, 66.9; H, 1+.+; N, 10.5%: M 268 
C 15H 12N203 requires: C, 67.2; H, 1+.5;  N, 10.4%: M 268. 
The N-hydroxy compound (131d) gave a deep red colour with ferric 
chloride in ethanol. 
(x) 5-Ethoxy- 1 -N-hydroxy-7-methyl-3-phenylquinoxalin- 2 ( 111)-one 
(131e) 
The quinoxalinium perchiorate (107b) [prepared from 2.11+ 
102 
0.008 mol of the N-oxide (loEb)] reacted with ethanol (5.0 ml) to 
give 5-ethoxy- 1 -N-hydroxy-7-met hyl-3-phenylguinoxalin-2 ( 1H) -one 
31e) as yellow prisms (0.1+0 g) (17%), m.p. 1850  (from ethanol-
glacial acetic acid), )) 	3200 br (OH) and 161+0 (CO) cci1,max 
'C 
 
(CF 3.CO2H) 1.74-2.51+ (7H, m, AnN), 5.73'(2H, q, J 7.0 Hz, CH2), 
7.38 (311, a, CH3) and 8.110 (3H, t, J 7.0 Hz, Cu 3 ';. 
Found: C, 68.9; H,  5.5; N, 9.3%: M 296 
C17H16N203 requires: C, 68.9; H, 5.1+; N, 9.4%: M 296. 
The ethanol mother liquors were diluted with water (20 ml) 
and extracted with chloroform. The extract was washed with 
saturated aqueous sodium hydrogen carbonate and evaporated to give 
a brown sum (0.85 g) which on trituration with ether gave 7-ethoxy--
rnethyl-1-N.hyrox3_pheny12uinoxalin_2(1H)_one (131f) as yellow 
prisms (0.29 g),(12%), m.p. 11+0 0 , V max 3150 br (OH) and 1640 (Co) 
(811 
	cm - 
-t CO  3  0H) 1.602.1+1+ 	, m, ArH), 11.96 (211, a, O.CH), 6.05 (211, 
q, J 7.0 Hz, O.CH2) and 8.55 (211, t, J 7.0 Hz, Cu3). 
Found: C, 684; H, 5.1+; N, 9.3%: 14 296 
C17H 16N20 3 requires: C, 68.9; H, 5.1+; N, 9. 11%: M 296 
The compounds (131 e and f) gave a deep red colour with ferric 
chloride in ethanol. 
The Attenpted Reaction of k-N-Acetoxy-6-chloro-1,2-dihydro-1-
riethyl-2-oxo-3-phenylquinoxalinium Perchlorate (105b) with Phenol 
A suspension of the quinoxalinium perchiorate (105b) [prepared 
from 0.50 g, 0.0018 xnol of the N-oxide (104b)] in dry ether (100 ml) 
was treated with phenol (0.75 g), 0.008 mol). The mixture was 
stirred vigorously at room temperature for I h and then filtered. 
The yellow solid obtained was dissolved in ethanol (30 ml) and the 
solution was heated under reflux on a boiling water bath for 0.5 h. 
103 
The reaction mixture was allowed to cool and the yellow solid which 
crystallised out was collected to give 6-ch1oro-7-etçy-1-metyl-
3-32henylguinoxalin-2(IH)-one (126c) (0.33 g) (60%), m.p. 1800, 
identical (i.r. spectrum) with a sample obtained before. The et1'nol 
mother liquors were evaporated and the solid (0.08 g) which was 
obtained was crystallised from ethanol to give a rther crop of the 
7-.ethoxy compound (126c) (0.03 g) m.p. 179, identical (i.r. spectrum) 
with the first crop. 
The ether mother liquors were washed with water (10 ml) and 
evaporated to give phenol (0.70 g), identical (i.r spectrum) with 
an authentic sample. 
3.5 The Reactions of Quinoxalinium Perchiorates with Amines. 
General Method for Reactions in Acetonitrile 
A solution of the quinoxalinium perchlorate (105) [prepared 
from 0.002 mol of the corresponding N-oxide (104",j in acetonitrile 
(25 ml) was added dropwise with stirring at room temperature to a 
solution of the amine (0.008mol) in acetonitrile (10 ml). The 
mixture was stirred at room temperature for I h, concentrated under 
reduced pressure almost to dryness and treated with water (10 ml). 
The gummy residue obtained was extracted into chloroform and the 
extract (A) was washed with 5M aqueous sodium hydroxide solution and 
evaporated to yield gums which were purified as described in the 
individual reactions. 
The alkaline washings were acidified with 5M aqueous sulphuric 
acid and extracted with chloroform (B). 
I. Reactions of Quinoxalinium Perchiorates with Primari Amines 
(a) Mçylamine 
The perchiorate (105a) was reacted with 25% w/v aqueous 
10k 
inethylamine in acetonitrile as described in the general method 
(page 10). The chloroform extract (A) gave a brown gum (0.33 g) 
which was shown by t.l.c. (chloroform) to be a two component mixture 
and was chromatographed on alumina. 
Elution with light petroleum-toluene (1:1) gave 1-methyl-3.. 
phenylguinoxalin-2(1H)..one (llOa) (0.11 g) (23%), mop. 137
0 
 (from 
ethanol) (lit. 46 1 390), identical(i.r. spectrum) with an authentic 
sample. 1  
Elution with toluene afforded the N-oxide (10 1+a) (0.10 g) 
(20%), mop. 191+ (from ethanol) (lit. 	196°), identical (i.r. spectrum) 
with an authentic sample. 1 
The chloroform extract (B) gave the 7-hydroxy compound (115h) 
(o.ok g) (8%). m.p. 3020  (lit.' 4,38 3000 ) identical (i.r. spectrum) 
with an authentic sample. 14 
(b) 	Line 
(i) The perchiorate (105a) was reacted with ethylamine in acetonitrile 
as described in the general method (page 10 	The chloroform 
extract (A) gave a brown gum (0.28 g) which was shown by t01.c. 
(chloroform) to be a two component mixture and was chrcmatographed 
on alumina. 
Elution with light petroleum-toluene (1:1) gave 1-methyl-3- 
thenylguinoxaiin-20H)-one (llOa) (0.08 g) (17%), mop. 138
0 
 (from 
ethanol) (lit. 1+6 139° ) identical (i.r. spectrum) with an authentic 
sample. 11+  
Elution with toluene afforded the N-oxide (lOka) (0.02 g) (14%), 
0 	140 	0 mop. 196 (lit. 196 ) identical (i.r. spectrum) with an authentic 
sample. 
11+ 
 Further elution with ether and chloroform gave unidentified 
gums (0e07 g)e 
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The chloroform extract (B) gave the 7-hydroxy compound (115h) 
(0.01+ g) (8%))m.p. 3000 (lit. 
14 ,38 3000) identical (i.r. spectrum) 
with an authentic sample. 11+ 
The perchiorate (105b) was reacted with ethylamine in 
acetonitrile as described in the general method (page 103). The 
chloroform extract (B) gave a yellow solid (o.k ) which was shown by 
t.l.c. (chloroform) to be a two component mixture and was 
chromatographed on alumina. 
Elution with light petroleum-toluene (1:1) gave 6-chloro-1-
methyl-3phenylguinoxalin-2(1H)-one (lIob) (0.06 g) (12%), m.p. 160 0  
(lit. 11+  1620), identical (i.r. spectrum) with an authentic sample. 14 
Elution with toluene gave the N-oxide (104b) (0.27 g) (1+7%), 
m.p. 187 0 (lit.. 14 1 890 ) identical (i.r. spectrum) with an authentic 
8ample.1 Further elution with ether and chloroform gave 
unidentified gums (0.03 g). 
The chloroform extract (B) gave the 7-hydroxy compound (1159) 
F (0.03 g) (6%), m.p. 255
0 
 (from glacial acetic acid), identical 
(i.r. spectrum) with a sample obtained previously. 
The quinoxalinium perchiorate (105g) was reacted with 
ethylamine in acetonitrile using the quantities given in the general 
method (page 103). The mixture was stirred at room temperature 
for I h and the yellow solid which separated out was collected and 
crystallised from glacial acetic acid to give the N-oxide (104g) 
(0.31 g) (57%), m.p. 3020 (from glacial acetical acid) (lit. 41 3130) 
identical (i.r* spectrum) with an authentic sample. 14 
The acetonitrile mother liquors were concentrated and treated 
with water (10 ml) to give a yellow solid (0.08 g) which was shown 
by t.l0c. (methanol) to be a multicomponent mixture. The aqueous 
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washings were acidified with 5M.aqueous sulphuric acid and extracted 
with chloroform but gave no further material. 
(c) Aniline 
The Perchlorate (105b)  was reacted with aniline in acetonitrile 
as described in the general method (page 10. The chloroform 
extract (A) was washed with 5M aqueous hydrochloric acid (2 x 25 ml) 
and evaporated to give a brown gum (0.45 g) which was shown by t.l.c 
(chloroform) to be a two component mixture and was chromatographed 
on alumina. 
Elution with light petroleum-toluene (2:1) gave 6--chloro--1--
methyl_3pheny2uinox_alin-2(1H)-one (IlOb) (0.08 g)04%), M.P. 1610 
(lit. 11 162°) identical (hr. spectrum) with an authentic sampler 
Elution with toluene gave the N-oxide (104b) (0.27 g) (47%), 
o 	14 	o 
M.P. 188 (lit. 189 ) identical (i.r. spectrum) with an authentic 
sample. 14 
The hydrochloric acid washings were basified with aqueous 
sodium hydroxide solution and extracted with chloroform to give 
aniline (o.48 g) identical (i.r. spectrum) with an authentic sample. 
The chloroform extract (B) gave the 7-hydroxy compound (1159) 
(0.04 g) (7%),m.p. 2540, identical (i.r. spectrum) with a sample 
obtained previously. 
II. Reactions of Quinoxalinium Perchiorates with Secondary Amines 
(a) Diethylamine 
(1) Diethylamine as solvent 
(i) The quinoxaliniuxn Perchlorate ( 105a) [prepared from 2.02 g, 
0.008 mol of the N-oxide (lOka)] was treated with diethylamine 
(50 ml) and a vigorous reaction took place. The reaction mixture was 
heated under reflux on a boiling water bath for 0.5 h, concentrated 
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under reduced pressure and treated with water (10 nil). The residue 
was extracted into chloroform and washed with 5M aqueous sodium 
hydroxide solution (20 ml). The chloroform extract was evaporated 
to give a brown gum (1.25 g) which i,as shown by t.l.c. (chloroform) 
to be a two component mixture. Trituration of the gum with ether- 
light petroleum (1:)) gave 7diethylaniino-1-met4yl-2-phenylguinoxalin-
2(1H)-one (134a) as yellow prisms (0.15 g) (6%), m.p. 1530 (from 
ethanol), V max 
1650 (co) cm- 1 , C(CDC13) 1.66-1.80 (211, m, ArH), 
2.30  (111, d, J0 rtho 
 9.0 Hz, H-5), 2.50-2.68 (311, m, ArH), 3.28 (IH, 
dd, J ort 	 meta 	 meta ho 9.0 Hz, J 	
2.5 Hz, 11-6), 3.71+ (111, d, J 	2.5 Hz, 
11-8), 6.32 (311, s, N.d11 3), 6.51 (1+11, q, J 7.0 Hz, CH 2) and 8.76 (611 9 
t, J 7.0 Hz, CH3). 
Found: C, 74.3; H, 6.7; N, 13.9%: M 307 
C19H21N30 requires: C, 74.3; H, 6.8; N, 13.7%: M 307. 
The ether-light petroleum (1:1) was evaporated to give an 
intractable brown gum (0.9 g). 
The alkaline washings were acidified with 3M aqueous hydrochloric 
acid and the precipitate was collected to give the 7-hydroxy compound 




300 identical (i.r. spectrum) with an authentic sample. 
(ii) Diethylanilne (25 ml) was cooled in an ice bath and the 
quinoxalinium perchiorate (105e) [prepared from 2.21+ g, 0.006 mol 
of the N-o:dde (lOke)] was added in portions with stirring. The 
reaction mixture was stirred at room temperature for I h, concentrated 
and treated with water (10 ml). Chloroform (C) (50  ml) was added and 
the aqueous phase was separated, acidified with 5M aqueous hydrochloric 
acid and allowed to stand for 12 h. The yellow solid which 
separated from the acidic solution was collected to yield 7diethl-. 
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amino-3-phenyl-i,6, 8-trimethylguinoxalin-2( 1H)-one (143) as yellow 
prisms (0.53 g) (20%), mop. 112 0 (from ethanol), V 	 164 (co) cm1max 
t(cDci3) 1.60-1.78 (211, in, ArK), 2.+0 (1H, s, 11-5), 2.462.64 
(311, in, ArH), 6.01 (3H, s, N.CH 3), 6.81 OH, q, J 7.0 Hz, CH2), 
7.68 (3H, 6, CH3), 7.74 (311, s, CH3) and 9.01 (6H, t, J 7.0 H, CH3). 
Found: C, 75.0; H, 7.5; N, 12.4% W 335 
C21H25N30 requires: C, 75.2; H, 7.5; N, 12.5%: N 335. 
The chloroform was washed with 5N aqueous hydrochloric acid 
(10 ml) and evaporated to give a brown gum (0.94 g) which was shown 
by t.l.c. (chloroform) to be a multicomponent mixture and was 
chromatographed on alumina. 
Elution with light petroleum-toluene (2:1) gave an unidentified 
yellow solid (0.02 g), m.p. 85-100° , V 1660 (co) cm 1 , t(CDC13)max 
1.54 (211, in, ArH), 2.54 (311, m, ArH), 3.06 (111, s, ArH), 6.30 (311, st 
N.CH3), 6.56 (3H, q, J7.0 Hz,CH2), 7.58 (311, s, CH 3), 7963 (311, a, 
CH3) and 9.04 (6ff, t, J 7.0 Hz, CH3). 
Elution with toluene-light petroleum (2:1) gave an unidentified 
yellow solid (0.09 g) mop. 135- 1 65° , V 	161+0 (co) cm,t(CDCl 7 ) 
1.60-1.80 (3 units, m, ArH), 2.20-2.30 0 unit, m, ArH), 2.1+0-2.60 
(1+ units, in, ArK), 5.24-544O (1 units, m, CH 2' 6.24-6,40 (1+ units, 
in, N.CH3) and 7.1+0-7.80 (6 units, in, Cl3). 
Further elution with toluene-light petroleum (2:1) gave 
unidentified gums (0.29 g) which were shown by t.l.c. (chloroform) 
to be multicomponent mixtures. 
Elution with toluene gave the N-oxide (10 1+e) (0.3 1 g) (14%), 
mop. 2000 (lit. 39  200°), identical (i.r. and 1H.n.m,r. spectra) 
with an authentic sample. 14 
Elution with ether, chloroform and methanol gave a brown gum 
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(0.06 g) which was shown by t.l.c. (chloroform) to be a 
multicoinponent mixture. 
The hydrochloric acid which was used to wash the chloroform was 
basified with 3M aqueous sodium hydroxide solution and extracted 
with chloroform to give a yellow intractable gum (0.04 g). 
(iii) The reaction of the perchiorates (105e) wi.h diethylamine was 
repeated using the conditions described in the previous experiment 
with the modification that the chloroform extract (C) was washed with 
3M aqueous sodium hydroxide solution (10 ml) followed by 3M aqueous 
hydrochloric acid solution, and evaporated to give a brown gum (1.2 g) 
which was shown by t.l.c. (chloroform) to be a mixture of the same 
componento as the gum in the previous experieinent. 
The alkaline washings were acidified with 3M aqueous sulphuric 
acid and extracted with chloroform. No material was obtained on 
evaporation of the chloroform. 
The acidic washings were basified with 3M aqueous sodium 
hydroxide solution and extracted with chloroform to give 3,7-bis-
diethyino-3-pheny].-1,6,7-trirnethylquinoxalin-2( 111)-one (l3 15a ) 
as colourless rectangular prisms (0.5 g) (15%), m.p. 150 (from 
ethanol), V max  1670 (CO) cm- 1 , t(cDC1 3) 2.32-2.60 (211, m, ArH), 
2.66 (3H, m, ArH), 3.66 (1H, m, olefinic), 4.53 OH, d, J 3.0 Hz, 
Qiefinic), 6.92 (311, d, J 1.5 Hz, N.CH..), 7.20-7.60 (811, in, CH 2), 
8.02 (311, d, J 1.5 Hz, CH3), 8.63 (3H, d, J 3.0 Hz, Gil3 ) ) 
8.97 (6H, t, J 7.0 Hz, CH3 ) and 8.98 (611, t, J 7.0 Hz, CR3). 
Irradiation on the multiplet at T3.66 caused the doublet at 
11 8.02 to collapse to a singlet. Irradiation on the doublet at 
t8.02 caused the multiplet at T3.66 to collapse to a doublet, 
J 1.5 Hz. 
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Found: C, 73.7; H, 9.0; N, 13.8%: M 336 
C25H36N0 requires: C, 73.5; H, 8.9; N, 13.7%: M 4o8. 
Diethylaniine (25 ml) was cooled in an ice bath and the 
quinxolinium Perchlorate ( 105j) Tprepared from 1.06 g, 0.00 11 mol of 
the Noxide (iOkj)] was added in portions. The mixture was stirred 
in the ice bath for 15 mm, then at room temperature for 15 min and 
finally heated on a steam bath for 15 mm. The solution was cooled 
and the yellow crystalline solid obtained was collected to yield the 
N-oxide (iokj) (0.09 g) (9%), m.p.. 2830 (lit. 	2860 ) identical 
(i.r. spectrum) with an authentic sample. 14 
The diethylamine mother liquors were concentrated, treated with 
water (5.0 ml) and extracted with chloroform. The extract was 
washed with 5M aqueous hydrochloric acid (io ml) and evaporated to 
give the N-oxide (lOkj) (0.85 g) (80m), m.p. 2860 (from glacial 
acetic acid), identical (i.r. spectrum) with a sample obtained 
previously. 
The hydrochloric acid washings, adjusted to pH 7 and extracted 
with chloroform yielded no material. 
The perchlorate (105f) [prepared from 0.118 g, 0.002 mol of 
the N-oxide (lOkf)) was added in portions with stirring to 
diethylamine (10 ml) cooled in an ice bath. The reaction mixture 
was stirred at room temperature for 1 h, concentrated, trezted with 
water (io ml) and extracted with chloroform. The extract was 
washed with 5N aqueous hydrochloric acid (2 x 15 ml) and evaporated 
to give the N-oxide (lOkf) (0.111 g) (85%), m.p. 2811 0 (from glacial 
acetic acid) (lit. 	2850  identical (i.r. spectrum) with an 
authentic sample. 14 
The acidic washings were adjusted to pH 7 by the addition of 
111 
solid sodium acetate and extracted with chloroform to give 
7-diethylamino-3-phenylguinoxalin--2( IH)-one (134c) as yellow 
elongated prisms (0.05 g) (9%), m.p. 2320 (from ethanol-glacial 
acetic acid), V max  1660 (co) cm-1 9 t (CDC13) (60 MHz 1H n.m.r.) 
1.48-1.85 (2H, m, ArH), 2.38 (1H 9 d, J ortho 9.0 Hz, H-5), 2.50-2.83 
(311, m, ArH), 3.32 (111, dd, J ortho 9.0 Hz, JmetaL  25 Hz, 11-6) 
3.62 (111, d, Jmeta  2.5 Hz, H-8), 6.56 (kH, q, J 7.0 Hz, Ca 2) and 
8.80 (611, t, J 7.0 Hz, CH 3). 
Found. C, 73.6; H, 6.5; N, 14.3%. M 293 
C18H19N30 requires: C, 73.7; 11,6.5; N, 14.3%: M 293. 
(vi) The quinoxalinium perchlorate (107a) [prepared from 1.01 g, 
0.004 mo]. of the N-oxide (106a)] was added in portions with stirring 
to diethylamin (50 ml) cooled in an ice bath. A vigorous reaction 
immediately took place and a black gummy mixture was obtained. The 
mixture was stirred at room temperature for I h, concentrated, 
treated with water (5.0 ml) and extracted with chloroform to give a 
black intractable gum (0.55 g). Trituration of the gum with organic 
solvents failed to produce any solid material. 
(2) Diethylamine in Acetonitrile as Solvent 
(i) The quinoxalinium perchiorate (105a) was reacted with diethylamine 
in acetonitrile as described in the general method (page 103). The 
'hloroforrn extract (A) gave a yellow solid (0.42 g) which was shown 
by t.l.c. (chloroform) to be a two component mixture and was 
chromatographed on alumina. 
Elution with light petroleum-toluene (1:1) gave the 
7-diethylamino compound (134a) (0.20 g) (35-0, m.p. 1530  (from 
ethanol), identical (i.r. spectrum) with a sample obtained previously. 
Elution with toluene afforded the N-oxide (lOka) (0.19 g) (38%), 
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in.p. 1940 (lit. 	1960), identical. (i.r. spectrum) with an authentic 
sample. 40 
The chloroform extract (B) gave the 7-hydroxy compound (115h) 
(0.1 g) (20%), m.p. 300 ° (lit. 
14,38  300°) identical (i.r. spectrum) 
with an authentic sample. 14 
(ii) The quinoxalinium perchiorate (105b) was reacted with 
diethylamine in acetonitrile as described in the general method 
(page 163). The chloroform extract (A) gave a brown gummy solid 
(o.kk g) which was shown by t.l.c. (chloroform) to be a two component 
mixture and was chromatographed on alumina. 
Elution with toluene-light petroleum (2:1) gave 6-chloro-7-. 
diethylantho-1-methyl-3-phenylquinoxalin-2(1H)-on (134b) as yellow 
prisms, (0.18 g) (26%), m.p. 830 (from light petroleum), 	1650max 
(Co) cm-1 , 	(CDC13) 1.64_1.82 (2H, M. ArH), 2.09 (1H, a, 
2.44 (311 9 m, ArH), 3.18 OH, a, 11-8), 6.30 (3H, a, N.CH3), 6.68 
(kH, q, J 7.0 Hz, C1!2)  and 8.84 (6H, t, J 7.0 Hz, CH3). 
Found: C, 67.2; H, 5.7; N, 12.1%: M4 341 (343) 
C19H20C1N30 requires: C, 66.8; H, 5.9; N, 12.3%: M 31+1.5 
Elution with toluene gave the N-oxide (104b) (0.19 g) (33%), 
m.p. 1890 (from ethanol) (lit. 189 0 ) identical (i.ro spectrum) 
with an authentic sample. 11+ 
The chloroform extract (B) gave the 6-chloro-7-hydroxy compound 
.(1159) (0.11 g) (19%), m.p. 250-251+0 , identical (i.r. spectrum) with 
a sample obtained previously. 
(3) Diethyamine in Ether 
A suspension of the perchiorate (105b) [prepared from 1.0 g s 
0.0035 mol of the N-oxide (101+b) in dry ether (100 ml) was cooled in 
an ice. bath and treated dropwise with stirring with a solution of 
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diethylamine (1.16 g, 1.72 ml, 0.008 mol) in dry ether (10 ml). 
The reaction mixture was stirred at room temperature for I h and 
filtered to remove some insoluble material. The ethereal filtrate 
was wFlshed with water (10 ml) and 5M aqueous sodium hydroxide 
solution (10 ml) and evaporated to give a brown gum (0.8 g) which 
was chromatographed on alumina. 
Elution with light petroleum-toluene (1:1) gave 6-chloro-1-
methyl-phenylguinoxalin-2(1H)-9 	(ilOb) (0.08 g) (9%), mop. 1610 
(from ethanol) (lit. 	1620 ) identical (i.r. spectrum) with an 
authentic sample. 14 
Elution with toluene-light petroleum (2:1) gave the 
7-diethylamino compound (134b) (0.07 g) (6%), mop. 83
0  (from light 
petroleum), identical (i.r. spectrum) with c sample obtained before. 
Elution with toluene gave the N-oxide (104b) (0.18 g) (18%), 
m.p. 1880 (from ethanol) (lit. 14 1890 ) identical (i.r. spectrum) 
with an authentic sample. 14 
Elution with toluene-ether (1:1) gave an unidentified yellow 
solid (0.08 g) mop. 140-180',' 1) max 1660 (Co) cm- I , the t.l.c. 
(chloroform) of which indicated that it was at least a two component 
mixture. Elution with methanol failed to produce any further 
material. 
The alkaline washings we-e acidified with 5M aqueous sulphuric 
acid and extracted with chloroform to give the 6.-chloro-7-hydroxy 
compound (115g) (0.1 g) (ic), mop. 2560 (from glacial acetic acid), 
identical (i.r. spectrum) with a sample obtained previously. 
The material which was insoluble in the ether was collected and 
dried to give a colourless solid, Q•liQ  g,  \) 	3300-3100 brmax 
(NH) cm the i.r. spectrum of which was characteristic of a salt. 
ilk 
The solid was dissolved in water (1.0 ml). Acidification with 5M 
aqueous sulphuric acid solution failed to cause precipitation of any 
solid material. 
(b) Pyrrolidine 
Pyrrolidine in Acetonitrile 
The perchlorate (105b) was reacted with pyrrolidine in 
acetonitrile as described in the general method (page 103). The 
chloroform extract (A) was washed with 5M aqueous hydrochloric acid 
(2 x 25 ml) and then evaporated to give a gummy solid which was 
chromatographed on alumina. 
Elution with toluene-light petroleum (2:1) gave 6-chloro-1-
methyl-3-phenylguincxalin-2(IH)-one (IlOb) (0.05 g) (9%), m.p. 162° 
14 	o. 	 1k (lit. 162 ), identical (i.r. spectrum) with an authentic sample. 
Elution with toluene gave the N-oxide (104b) (0.14 g) (25%) 
m.p. 1950 	40 (lit. 	1960), identical (i.r. spectrum) with an authentic 
14 
sample. 
The acidic washings were basified with 5M aqueous sodium 
hydroxide solution and extracted with chloroform to give a brown 
oil (0.01 g). 
The chloroform extract (B) gave the 7-hydroxy compound (115g) 
(o.ii g) (19%), m.p. 2550 (from glacial acetic acid) identical 
with a sample obtained before. 
PXrrolidine in Diethyl Ether 
A suspension of the perchiorate (105b) [Prepared from 0.5 
0.0018 mol of the N-oxide (104b)] in dry ether (100 ml) was cooled 
in an ice bath and treated dropwise with stirring with a solution 
of pyrrolidine (0.66 ml, 0.008 mol) in dry ether (10 ml.). The 
solution was stirred at room temperature for 1 h and treated with 
water (10 ml) followed by 5M aqueous hydrochloric acid (5.0 ml). 
115 
The ether layer was separated, washed with 5M aqueous sodium 
hydroxide solution and evaporated to afford a brown gum (o.ko g) 
which was chromatographed on alumina. 
Elution with light petroleum-toluene (1:1) gave 6,7-dichioro-
1-methyl-3-phenylguinoxalin-2(IH)-one (115j) (0.10 g) (18%) M.P. 170 
I 
(from ethanol) (lit. 48 171 0  identical de (i.r. and H n.m.r. spectra) 
with an authentic sample. 14 
Elution with toluene gave the N-oxide (104b) (0.14 g) (28%), 
mop. 1890 (from ethanol) (lit.hhl 1 890), identical (i.r. spectrum) 
with an authentic sample. 14 
Acidification of the alkaline washings with 5M aqueous 
hydrochloric acid anJ extraction with chloroform gave the 7-hydroxy 
compound ( 1 15g) (0.01 g) mop. 2550, identical (i.r. spectrum) with 
a sample obtained previously. 
Basification of the acidic washings with 5M aqueous sodium 
hydroxide and extraction with chloroform yielded no further material. 
(c) MorDholine 
General Method for Reactions of Quinoxalinium Perchiorates 
with Morpholine 
A suspension of the quinoxalinium perchiorate (105) [prepared 
from 0.002 mol of the corresponding N-oxide (101+)]in dry et}"r 
(100 ml) was cooled in an ice bath and treated dropwise with 
stirring with a solution of morpholine (0.7 ml, 0.008 mol) in dry 
ether (10 ml). The suspension was stirred at room temperature for 
05 h and the solid (A) was collected, washed with water (5.0 ml) - 
and dried in vacuo. Work up of the ether mother liquors (B) gave 
more material as described in the individual reactions. 
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Ci) The perchiorate (105a) was treated with morpholine in dry ether 
as described in the general method. The solid (A) was collected to 
give 4_N_acetoxy_1_methyl_3_morpholino-3_phenylquinoxalin -2 (1  H)-. one 
(lktia) (0.33 g) (ke), mop. 860 , V max 1790 (cyclic N.OAc) and 1690 
(Co) cm-1 I 1(CF3.0O2H), 1.60-2.50 (9H, m, ArH), 5.60-6.10 (6H, m, 
N.CH3 , Cif 2 ), 6.20-6.50 ( 1+H, m, CH2) and 7.64 (3H, a, N.OAc), 
M 321, (M 381). 
The ether mother liquors (C) were washed with saturated aqueous 
sodium hydrogen carbonate and evaporated to give a brown gum (0.18 g). 
The gum was extracted into chloroform and washed with 3M aqueous 
sodium hydroxide solution (10 ml). The chloroform extract was 
evaporated to give a brown gum (0.12g) which was chromatographed on 
alumina. 
Elution with light petroleum-toluene (1:1) gave 1-methyl-3-
phenylguinoxalin-20h)-one (llOa) (0.03 g) (69-1), mop. 1390 (from 
ethanol) (lit. 46 1 390 ) identical (i.r0 spectrum) with an authentic 
sample. 
Elution with toluene gave the N-oxide (104a) (0.07 g) (ik%), 
mop. 191+0 (lit.kdl960),  identical (i.r. spectrum) with an authentic 
sample. 40 
The alkaline washings were acidified with 5M aqueous 
hydrochloric aeid and extractea with chloroform to give the 
7-hydroxy compound (115h) (0.06 g) (12%), m.p. 302
0  (from glacial 
acetic acid) (lit. 14,38 :3()()O) identical (i.r. spectrum) with an 
authentic sample. 14 
(ii) The perchiorate (105b) was treated with morpholine in dry ether as  
described in the general method. The solid (A) was collected to 
give k-N-acet oxy-6-chloro- I -methyl-3-morpholino-3-phylguinoxalin- 
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20H)-one (lkkb) (0.25 g) (30%), m.p. 108 ° , V 
max 1790 (cyclic N.OAc) 
and 1690 (CO) cm, '1 (CF3.CO2H) 1.36-2.50 (8H, m, ArH), 5.68-5.88 
OH, m, CH2 ), 6.02 (311, a, N.CH 3), 6.28-6.54 OH, m, CH2 ) and 
7.76 (3H, a, N.OAc); ?1 355 (357), (M 415.5). 
The ether mother liquors (B) were worked up as described in 
the previous experiment to give a black gum (0.22 g) which was 
chromatographed on alumina. 
Elution with light petroleum-toluene (1:1) gave 6-chloro-1-
methyl-3-pienylguinoxalin-2(1H)-one (IlOb) (0.05 g) (9%)9m.p. 161 ° 
11+ 	i 	ft .r. 	 14 (lit. 	1620 ),   identical 	 spectrum) with an authentic sample. 
Elution with toluene gave the N-oxide (104b) (0.06 g) (10%, 
0 	1 	0 M.P. 187 (iit 189 ) identical (i.r. spectrum) with an authentic 
14 
sample. 
The alkaline washings afforded the 7-hydroxy compound (115g) 
(0.06 g) (10%), m.p. 2550 (from glacial acetic acid), identical 
(i.r0 spectrum) with a sample obtained previouoly. 
(iii) The Perchlorate (105e) was treated with morpholine in dry 
ether as described in the general method. The solid (A) was 
collected to yield the N-oxide (10 1+e) (0.05 g) (9%), M.P. 2000  
1 
(from ethanol) (lit. 39 200 0). , 	(i.r. and H n.m.r. spectra) 
with an authentic sample. 14 
The ether mother liquors B) were washed with water (20 ml) and 
evaporated to give a yellow gum (0.51 g) which was chromatographed 
on alumina. 
Elution with toluene gave the N-oxide (lOke) (0.10 g) (19%), 
M.P. 199 (lit. 39  2000), identical (i.r. spectrum) with an authentic 
sample. 
14 
 Further elution with toluene gave an unidentified yellow 
solid (0.06 g) m.p. 1051400 , V 	(CO) cm- 1 _t (CDCl) 1.5072.00 
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(3 units, m. ArH), 2.16-2.90 (8 units, m, ArH), 6.00-6.66 (13 units, 
m, N.CH3) and7.30-7.90 (ii units, broad singlet, CH 3). 
Elution with ether-chloroform (1:1) gave3 , 7_diinopholino-3_ 
phenyl_1,6,7-trimethylguinoxalin-2(IH)-One (135b) as colourless 
needles (0.16 g) (18%), m.p. 2060 (from ethanol), V 	 1680 (CO) cm,max 
C(cDc13) 2.4O-2.80 (5H, in, ArH), 3.60 OH, q, J 1.4 Hz, olefinic), 
1+.51 (1H 9 a, olefinic), 6.33 (8H, q, J 3.5 Hz, CH2), 6.92 (3H, a, 
N.CH3),7.20-7.70 (8H, m, CH 2), 8.03 (3fl 9 d, J 1.4 Hz, CH3) and 
8.66 (3H, a, CH3). 
Irradiation at T8.03 caused the quartet at 3.60 to collapse 
to a singlet. Irradiation at T3.60 caused the doublet at T 8.03 to 
collapse to a singlet. On expansion to sweep width 250 Hz, the 
quartet at l'3.60 appeared to be a double qvartet with J 11+  and-
0.2 Hz. 
Found: C, 69.0; H, 7.4; N, 12.9%: N 436 (base peak 350) 
C25 H32 4
requires: C l 68.8; H, 7.4; N, 12.802,6: M £136. 
Elution with ether gave 1 
qnoxalin-2(1H)-one (115a) (0.01 g) (?), m.p. 132 (from ethanol) 
1L 	 11+ 
(lit. 133 0 ) identical (i.r. spectrum) with an authentic sample. 
(iv) The perchlorate ( 1 05j) was treated with morpholine in dry ether 
as described in the general method. The solid (A) was collected to 
give the N-oxide (iokj) (0.32 ) (6090, m.p. 285 0 (from glacial 
acetic acid) (lit. 14 286 0), identical (i.r. spectrum) with an 
authentic sample. 14 
The ether mother liquors (B) were washed with water (5.0 ml) and 
evaporated to yield a yellow gum (0.20 g) which on trituration with 
ether afforded a further crop of the N-oxide (lOLlj) (0.03 g), 
m.p. 2800 identical (hr. spectrum with the first crop. The ether 
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mother liquors were evaporated to give a yellow gum (0.15 g) which 
failed to produce any solid material on trituration with organic 
solvents. 
III. Reactions of Quinoxalinium Perchlorates with Tertiary Amines 
Triethylamine 
The quinoxaliniuni perchiorate (105b) reacteci with triethylarnine 
in acetonitrile as described in the general method (page 103). The 
chloroform extract (A) gave a yellow gummy solid (0.45 g) which was 
chromatographed on alumina. Elution with light petroleum-toluene 
(1:1) afforded the deoxygenated quinoxalinone (IlOb) (0.05 g) 
m.p. 161° (from ethanol) (lit. 
14 
 1620), identical (i.r. spectrum) 
, 
with an authentic sample. 
14 
 Elution with toluene gave the N-o::ide 
(104b) (0.35 ?') (65%), m.p. 1890 (from ethanol) (lit. 14 1890) 
identical (i.r. spectrum) with an authentic sample. 14 
The chloroform extract (B) gave the 7-hydroxy compound (1159) 
(0.03 g) (6%), m.p, 255, identical (i.r. spectrum) with a sample 
obtained previously. 
Pyridine 
A solution of the perchiorate (105b) [Prepared from 0.50 g, 
0.0018 mol of the N-oxide (104b)] in acetonitrile (25 ml) was 
treated at room temperature with dry pyridine (0.63 g, 0.65 ml, 
3.008 mol). The reaction mixture was stirred at room temperature 
for I h, concentrated and treated with water (10 ml). The yellow 
solid which was obtained was collected, washed with water (10 ml) 
and dried to yield the N-oxide (104b) (0.40 g) (80%), m.p. 186 0  
(from ethanol) (lit. 
14




3.6 Reactions of Quinoxalinone Adducts 
(a) Reactions of 4-N-Acetocy-6-chloro-1-methyl-3-morpholino-3-
phenylguinoxalin-2( 1H)-one (144b) 
With Ethanol 
A suspension of the adduct (14b) (0.3 g, 0.0007 mol) in 
99% ethanol (50 ml) 'aa stirred at room temperature for 1 h. The 
reaction mixture was evaporated, extracted into chloroform and 
washed with 5M aqueous sodium hydroxide solution (2 x 10 ml). 
The chloroform extract was evaporated to give a gummy yellow 
solid (0.16 g) which was chromatographed on alumina. 
Elution with toluene gave 6-chloro-7-ethoxy-1-ml-3-phenyl  
guinoxalin-2(IH)-one (126c) (0.12 g) (53%), M.P. 1800 , identical 
with a sample obtained previously. 
The alkaline washings were acidified with 5M aqueous sulphuric 
acid and extracted with chloroform to yield 6-chloro-7- 1 ydroxy- 1-  
met hyl 	eriyqiinoxalin .2(1H)-one±15 (0.08 g) (kc), m.p. 2540  
identical (i.r. spectrum) with a sample obtained previously. 
With Glacial Acetic Acid 
A solution of the adduct (1b) (0.4o g, 0.001 mol) in glacial 
acetic acid (5.0 ml) at room temperature for 2 h. The yellow solid 
which crystallised from the reaction mixture was combined with the 
material obtained by diluting the filtrate with water (15 ml) and 
dried to yield 7-acetoxy-6-chloro- 1 -metyl-3-phenylqinoxalin.-
2(IH)-one (115b) (0.32 g) (98%), m.p. 175° (lit. 	171 0 ) identical 
(i.r. spectrum) with an authentic sample. 14 
With Hydrochloric Acid 
A suspension of the adduct (ltfkb) (0010 g, 0.0002i mol) in 
5M aqueous hydrochloric acid (1.0 ml) was stirred at room temperature 
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for 2 h. The solid was collected, washed with water and dried to 
yield 7-dichloro-1-methyl3phenyQuinoxalin-2( IH)-one (11 5_J) 
(0.065 g) (8), m.p. 1700 (lit. 48 171 0 ) identical (i.r. spectrum) 
with an authentic sample. 14 
Extraction of the aqueous mother liquors with chloroform failed 
to yield any further material. 
(b) Reactions of 3,7-Bis-diylaminphenyl-1,6,7.-trirnethy1-
guinoxalin-2(IH)-one (135a) 
With Glacial Acetic Acid 
The adduct (135a) (0.05 g, 0.00012 mol) was heated under reflux 
in glacial acetic acid (5.0 ml) for I h. The solution was cooled 
and evaporated to yield 7-aceto xymetliyl.- 1,6-dimethyl. -3-phenyl- 
14  
guinoxa10H)_oite(115c) (0.03 g) (76%), m.p. 113
0 
 (lit. 	iili ° ) 
identical .i.r. and H n.m.r. spectra) with an authentic sample. 14 
With Hydrochloric Acid 
The colourless crystalline adduct (135 a) (0.05 g, 0.00012 mol) 
was dissolved in 5M aqueous hydrochloric acid (1.0 ml) giving a 
yellow solution which on standing at room temperature for 12 h 
deposited a yellow crystalline solid which was collected, washed 
with water and dried in vacuo to yield 7-dimethylamino-3_phen 
1,6,8-trimethylcp4noxalin-2(1H)-one (it.3) (0.03 g) (73%), m.p. 1120 
(from ethanol) identical with a sample prepared previously. 
Extraction of the mother liquors with chloroform failed to 
produce any further material. 
(c) Reaction of 3,7-Di 	holino-3-phenyl- 1 ,6,7-trimethyqinoxalin- 
2(1H)-one (135b) With Glacial Acetic Acid 
The adduct (135b) (0.05 g, 0.0001 mol) was heated under reflux 
in glacial acetic acid (5.0 ml) for I h. The solution was cooled 
122 
andevaporated to yield the 7-acetoxymethyl compound (115c) 
14 
(0.04 g) (94%), m.p. ilk° (lit. 	1140 ) identical (hr0 spectrum) 
14 with an authentic sample. 
r 
Chapter Four 
Some Studies on the 2ynthesis and Reactivity 





(126) 	 ( 1 27) 
>-R 	 ~-R 
(129) 	 (128) 
R= H ,CH3 
scheme 24 
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4.1 The Synthesis of N-Oxygenated Benzirnidazoles 
The synthesis of benzimidazole N-oxides by peracid oxidation 
of the corresponding benzimidazoles has been unsuccessful 
49 
and 
alternative routes to benzimidazole N-oxides are therefore important. 
It should be noted that in some cases the benzimidazole N-oxides are 




( 1 25) 
convenience, both tautomeric forms will not be shown in every case. 
Some of the methods which have been used for the synthesis of 
14-oxygenated benzimidazoles are discussed below. 
(1) çycliaationof Nitro Compounds 
(a) Reductive Cyclisation 
Mild reduction of o-nitroanilides (126) gives5 ' 51 1-hydroxy--
benzimidazoles (128.) which are tautomeric with the benzimidazole 
11-oxides (129). The intermediate in the reaction is probably the 
phenylhydrcxylamine (127) (scheme 21+) formed by reduction of the 
nitro group in the o-nitroanilide (126). Reducing agents used in 
these cyclisations include zinc and hydrochloric acid, hydrogen 
and palladium, and hydrogen sulphide in ammonia. N-Substituted 
anilides (130) likewise cyclise to benzimidazole N-oxides(131) in 
which tautomerism is not possible.52 
fl 1 N HCH 2 Ph 
NO 
(132)  
base 	 NHCHPh 
dl 
(133) 
N Ph + xu;, 
(131+) 





(136) 	 (135) 
scheme 25 
V24  
• It should be noted that 1 -hydroxybenzimidazoles containing 
R 	 R1 
2 
Ia N-C -R N O2 	 N /> 
1 R2 0 
(130) 	CH 	CH 	 (131) 
functional groups in the 2-position cannot be prepared by the 
reductive cyclisation of nitro compounds. 
(b) Base Catalysed Aldol-type Clisations 
N-Substituted-o-nitroanilines undergo base-catalysed aldol-type 
cyc].isations to yield 1 -hydroxybenzimidazoles. F c example 
N-benzyl-o-nitroaniline (1 32) gives 1-hydroxy-2-phenylbenzimidazole (1 36) 
(scheme 25) on heating under reflux in methanolic sodium hydroxide. 53 
This reaction probably involves nucleophilic attack on the nitro 
group by the carbanion centre in the intermediate (133) (scheme 25) 
to give the intermediate (134). Elimination of hydroxide ion from 
intermediate (134) gives the benzimidazole N-oxide (135) which is 
tautomeric with the N-hydroxybenzimidazole ( 1 36). 
N-Bonlidene-o-nitroaniline (1 37) undergoes base catalysed 
cyclisation to give 1-hydroxy-2-phenylbenzimidazole (136) on 
54 
treatment with potassium cyanide in methanol. 	This reaction 
-NCHPh 	 -NH-CH-Ph 







probably goes via the cyano intermediate (138), and is important 
because the conditions used are much less drastic than in the base 
catalysed cyclisation (132—.136) (scheme 25). 
(iii) Another example of an active methylene type cyclisation is 
the formation of the N-hydroxybenzimidazole (11+0) from the nitro 
compound (139). 





(iv) 2,4-Dinitrophenylarninoalkenes (141) also undergo base-catalysed 
cyclisation5 to give benzimidazole N-oxides(11+2). These reactions 
give high yields of the N-oxides (1 1+2) and are usually carried out 


















(c) Acid Catalysed Cyclisations 
N IP-Disubstituted o-nitroanilines (143) undergo intramolecular 
cyclisation to give the N-oxide hydrochlorides (i+k) when treated 









(1 1+3) 	 (lkk) 
n 	 R 
22 	H 
C}120CH2 NO  
(CH 2)k 	H 
scheme 26 
in these cyclisations and the reaction provides a useful route to 
benzirnidazole N-oxides. 
Photochemical Cyclisations 
(i) N,N-Disubstituted o-nitroanilines (143) also undergo cyclisation 
on irradiation in aqueous inethanolic hydrogen chloride? '  The 
product of the cyclisation is either a benzimidazole N-oxide or a 
benziinidazole depending on the nature of the amino group and the 
ring substituents. Thus the amine (143a) undergoes acid-catalysed 




EIZIIJ Rcl IINC C2  
CH 
CN(C H ~ 2 )  
(1 1+3c) 	 (11+5) 
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hydrochloride (iLika) while the amine . ( 11+3c) gives the benziinidazole 
(1 1+5). 
(ii) N-2,4--Dinitrophenyl derivatives of o-amino acids (11+6) undergo 
photOchemical cyclisation to give benzimidazole N-oxides 
These reactions are carried out in aqueous solution at low pH and 














often - give high yields. 
(2) Reactions of Benzfuroxans 
Benzfuroxans (11+8) have been shown to condense with formaldehyde 
in the presence of alkali to give good yields of 1,3-dihydroxy-
benzimidazo].iL-2-ones (11+9). 	Benzfuroxans (11+8) containing a 
OH 
R-2N\ 	 (1) 0H_ 	
R>Q + CH20 
(i1)H 
0 	
MeOH/H20 	 OH 
(148) (11+9) 
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variety of substituents (R = H, Cl, CH 
31 
 CH30, COOl! and CONH2) in 
the ring bazebeen used in this reaction. 
Alkylation of benzfuroxan 1( 
 148) ; B = H]using methyl and 
benzyl trifluoromethanesuiphonate gives the quaternary intermediates 
(150) which undergo rearrangement to give the 1.hydroxybenzimidazole 
3-oxides (151) 
61 




N\6 	R1CH2OSO2CF3 	Rrj*...0 
' 	 L9z' 
0 
[(1 1+8) ; B = HJ 	B1 = H,Ph 




It was of interest to study extensions of the base catalysed 
aldol-type cyclisations (152-'153) since only the cases where 





B 2 = Ph (cf. 132-..136) (scheme 25) and B 2 = COPh (cf. 139-040) have 
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been studied previously. The synthesis of compounds (152) in which 
H is of particular interest since cyclisation of these 
compounds would yield benzimidazole N-oxides (153) in which 
tautomerism is not possible and which are not readily available by 
other methods. In addition, it would be interesting to study the 
reactivity of the benzimidazole N-oxides (153). 
It had been reported. 62 that cyanomethylation of 2-nitroaniline 
{ 
(154); R = H] using sodium cyanide, formaldehyde, and zinc 
chloride in glacial acetic acid gave 2-nitroanilinoacetonitrile 
[(155); R = H]. Base catalysed cyclisation of the cyanomethyl 
compound [(155); R = H] had been shown 63  to give the N-hydroxy- 
	
benzimidazole 	R = H] (scheme 29) (Cf. scheme 25). The 
R_1'u1NH2 	NaCN/ZnC12 R02N 
9N O2 AcOH/HCHO 




initial object of the research work in this section was to extend 
the cyanomethylation reaction (15k-'155) (scheme 29) to cases where 
substituents were present in the ring (B = chioro, methyl and 
methoxrl) and then to attempt the cyclisation of these cyanomethyl 
R1 
[O N H2 B1 CHO/ZnC12 	N H C H C N N 02 NaCN/AcOH 	(ONO2  





R1 	 R1 
0  N H 
HCHO/ZnC12 
RO 
N -C H 2C N 
L) N 	NaCN/AcOH 	 N 
(159) 	 (160) 
base 
Rl 




compounds (155) to N-hydroxybenzimidazoles (156). 
The next extension of the work was to replace the formaldehyde 
in the cyanomethylation process (151+-0155) by other aldehydes 
(scheme 30) in order to synthesise the oç-substituted nitriles 
(157) which might then be cyclised to the N-hydroxybenzimidazoles 
(158). 
By carrying out the cyanomethylation of N-substituted 
2-nitroanilines (159) (scheme 31) the nitriles (158) could be 
prepared and would then be expected to cyclise to the 
2-cyanobenzimidazole N-oxides (161). 
Finally, reacting the N-substituted 2-nitroanilines (159) 
(scheme 32) with zinc chloride, sodium cyanide and aldehydes other 
than formaldehyde might be expected to give the nitriles (162) 
capable of cyclisation to the benzimidazole N-oxides ( 1 63) 
(cf. 152-.153). This cyclisation is important since it would yield 
benzimidazole N-oxides (163) in which tautomerism is not possible. 
R1 	 R1R3 
I 	I 
R2_(j] 02 RCHO/ZnCl2 
R N 	 2- 	
N-C H-C N 
NaCN/AcOH 	 NO2 









NO AcOHaCN 	R1IONO2 
(164) 	 50 	 (165) 
H 	 H 
Cl 	 H 
CH H 
CH 39 H 
H 	
CH  
H 	 Ph 
scheme 33 
131 
11.2 The Synthesis of 2.-Nitroanilinoacetonitriles and Substituted 
2-Nitroanilinoacetonitriles 
(a) 2-Nitroanilinoacetonitriles 
As mentioned above, 
62 
 cyanomethylation of 2-nitroaniline (164a) 
gives a high yield of 2-nitroanilinoacetonitrile (165a). This 
cyanomethylation reaction was extended to 2-nitroanilines containing 
a substituent in the ring. The 2-nitroanilinoacetonitriles (165 a 
and b) (scheme 33) were prepared in high yield by this method. 
The i.r. spectrum of compound (165a) contained absorption bands at 
3450 cm and 1520 and 1360-1340 cm-1 which are characteristic of an 
N-H group and a nitro group respectively. The i.r. spectrum of 
compound (165h) contained cyano absorption at 2220 cui 1 but there 
was no cyano absorption in the i.r. spectn -ui of compound (165a). 
The 1H n.m.r. spectrum and the analytical data obtained for 
compound (165b) were fully in accord with the assigned structure. 
When an attempt was made to prepare the 4-methyl derivative 
(16c) by an analogous procedure (scheme 33), the 
1 
 H n.m.r. spectrum 
of the product obtained showed it to be a 2:1 mixture of 
N , N-bi6 ( cyariomethyl) -.k--methyl-2--nitroaniline (166a) and 4-methyl-2- 
nitroanilinoacetonitrile (165c). The i.r. spectrum of the mixture 
-N(CH 2CN)2 	 R 




contained an absorption band at 3400 cm attributable to the N-H 
group of compound (165c) and also absorption bands attributable to 
cyano and nitro groups. The mass spectrum of the product contained 
peaks corresponding to 230 and 191 mass units attributable to (166a) 
and (165c) respectively. The mixture crystallised unchanged from 
organic solvents. The t.l.c. of the mixture in various organic 
solvents indicated a single component and for this reason the 
separation of the mixture by column chromatography was not attempted. 
Consequently,the mixture could not be resolved. 
In the case of the 1-methoxyderivative (165d), the product from 
the cyanomethylation (scheme 33) was again shown to be a mixture by 
its 1H nrn.r. spectrum. The mixture was resolved by fractional 
crystallisation and pure samples of 1+-methoxy.2-nitroanilinoacetonitrile 
165d and the dicyano derivative (166b) were obtained and were 
characterised by their spectroscopic properties and analytical data. 
(b) cc-Substituted 2-Nitroanilinoacetonitriles 
The cyanomethylation reaction (scheme 33) was extended to other 
aldehydes. Acetaldehyde and benzaldehyde were found to react with 
2-nitroaniline to give high yields of the corresponding nitriles 
(165 e and 1) which were characterised by their i.r. and 1H n.m.r. 
spectra and their analytical data. The absorption band due to the 
cyano group was variable in intensity in the compounds (165) and was 
absent from the i.r. spectrum of compound ( 165f). 
It should be noted that although the cyanomethylation reaction 
(scheme 33) was originally carried out using a reaction time of 6 h, 
it was subsequently found that a reaction time of 0.5-1.0 h was 





















R3 — N—CH 2CN 
R4 	'NO 2 
(168) 
R3 
H 	 H 
H 	 H 
CH 	H 
H 	 Cl 
Cl 	 H 
H 	 H 
scheme 34 
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(c) N-Substituted 2-Ni&oanilinoacetonitriles 
The cyanomethylat ion reaction was also successfully extended to 
secondary amines (scheme 34) and good yields of the N-substituted 
2-nitroanilinoacetonitriles (168) were obtained. As mentioned 
previously (scheme 31) it was anticipated that the compounds (168) 
might cyclise to benzimidaole N-oxides 
1.2-f-- 
 (16^0]. 
-The N-methyl derivative (168a) was obtained in high yield as 
a yellow oil for which satisfactory spectroscopic data was obtained. 
No attempt was made to have the oil (168a) analysed and it was 
purified by chromatography and used directly in subsequent reactions. 
In the synthesis of the N-methyl compound (168a) reduction of the 
reaction time from 6 h to 1 h resulted in a quantitative yield of the 
N-methyl compound (168a) which was pure enough (as demonstrated by 
its H n.mr. spectrum) to use directly in the subsequent cyclisation. 
When the time of the reaction leading to (168a) was prolonged to 6 h 
N-methyl-2-nitroaniline (167a) was also isolated. Since none of the 
amine (167a)  could be detected using the shorter reaction time, 
formation of the amine (167a) is probably due to 	 cc 
(i68a). 
Cyanomethylation of 2-nitrodiphenylamine (167b) using a 
reaction time of 6 h gave the N-phenyl derivative (168b) (scheme 34) 
in good yield. An unidentified orange solid which gave analytical 
and mass spectral data consistent with the formula C29H22N6Ok  was 
also isolated in this reaction. Its i.r. spectrum contained 
absorptions characteristic of a nitro group but lacked cyano 
absorption. Its 1  n.rn.r. spectrum showed only aromatic and 
methylene absorptions. 
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as a by-product. The stability of 2-nitrodiphenylaxnine to treatment 
with zinc chloride in the presence of acetic acid excludes the 
possibility of its direct cyclisation to phenazine. Consequently, 
(169) 
the mode of formation of the latter product is not clear. 
The cyanoniethylation reaction was extended to Nbenzyl 
derivatives. The N-benzyl-2-nitroanilines (167 c.g) (scheme 35) 
were obtained in good yield by the reaction of the corresponding 
2.-nitrochlorobenzene derivatives (170 a-e) with benzylamine using 
64 
potassium carbonate as the catalyst. 	The i.r. spectra of the 
compounds (167 c-g) all contained absorption bands at approximately 
3400 cm and 1520 and 1360 cm characteristic of N-H and nitro-
groups respectively. The melting points of the compounds (167 c, 
e and f) were in accord with the literature vaiues' 6 	In 
accord with preferential replacement of the more reactive chlorine 
ortho to the nitro-group, the products from the dichloronitrobenzenes 
(170 c-e) are formulated as (167 eg). The structure of the compound 
( 1 67d) was confirmed by its analysis and its 
I  H n.m.r. spectrum. 
In the case of the dichioro compound (170e) an excess of 
benzylamine was used in the reaction and the product (167g) which was 
obtained was contaminated with benzaldehyde. Once the benzaldehyde 
had been removed by treatment with saturated aqueous sodium 
bisuiphite, the compound (1679) was obtained as a red oil whose 
spectroscopic properties were fully in accord with the assigned 
CHPh 	 H 
R - -' 	 -- CN -N- CH2 --CN AcOH 	R N--CH2 
ZflC12 	ZIIX02 
	
(168) 	R 	 ( 1 65) 	B 
H 	 (a) 	H 
CH 	 (g) 	CH  
(f) 	Ci 	 (h) 	Ci. 
scheme 36 
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structure. No attempt was made to have the compound (1679) analysed 
and it was subsequently used in the cyanomethylation reaction without 
further purification. 
Cyanomethylation of the N-benzyl compound (167c) (scheme 34) using 
a reaction time of 6 h gave a good yield of the nitrile (168c) as a 
yellow oil. Satisfactory spectral data was obtaLed for compound 
(168c) but no attempt was made to have the oil analysed. Moderate 
yields of the N-unsubstituted nitrile ( 1 65a) and benzyl acetate were 
also obtained in this reaction and were characterised by comparison 
with authentic samples. The formation of the nitrile ( 1 65a) and 
benzyl acetate can be rationalised by zinc chloride catalysed 
debenzylation of the N-benzyl derivative (168c) (scheme 36). 
The acid catalysed dealkylation of N-substituted o-.nitroanilines 
is a well known process. 	Although the debenzylation of (168 d 
and f) is disadvantageous in that it gives rise to a mixture of 
products it nevertheless provides a route to the otherwise inaccessible 
2-nitroanilinoacetonitriles (165 g and h). A trace of N-benzyl-2-
nitroanil5.ne (167c) was also isolated in the preparation of the 
nLtrile (168c). The presence of (167c) in the reaction mixture 
could be clue to incomplete reaction or to decyanomethylation of 
(168c) in a'process analogous to that shown in scheme 36. 
N-Benzyl-5-chloro-2-nitroaniline ( 1 67f) also underwent 
cyanomethylation to give a moderate yield of the N-benzyl derivative 
(168f) and low yields of the corresponding debenzylated product 
(.165h) (scheme 36) and benzyl acetate. The spectroscopic properties 
and analysis of the nitrile (165h) were fully in accord with the 
assigned structure. A low yield of a compound assigned the 
structure (171) was also obtained as a by-product in the preparation 
(167) B1 
 CH  
 Ph 
 PhCH2 
(172) R1 	B2 
 C5 Ph 
 Ph 	CH  













of the nitrile (168f). In accord with the amide structure (171) 
C1N HCH 2CONH 2 
z-NO2 
(171) 
the by-product showed i.r. amino absorption at 3425 and 3175 cm 
and carbonyl absorption at 16 0 cm characteristic of a primary 
amide group as well as absorption due to a nitro-group. The by-product 
also gave mass spectral and analytical data consistent with the 
structure (171). The amide (171) is probably formed in the reaction 
by hydrolysis of the corresponding nitx'ile ( 1 65h). 
It was found that in the cyanomethylation of compounds (167 d, 
e and g) (scheme 3) reducing the reaction time to 20-30 mm 
minimised debenzylation of the products and gave optimum yields of 
the N-benzyl derivatives (168 d, e and g). In the case of the 
If- and 6-chioro derivatives (168 e and g) a trace of benzyl acetate 
was obtained using a reaction time of 30 min but no products 
corresponding to debenzylation of (168 e and g) were isolated from 
the reactions. However, even using a reaction time as short as 
20 mm,. the major product in the cyanomethylation of (167d) was 
the 5-methyl-N-benzy]. derivative (168d), accompanied by a low yield 
of the nitrile (165g) (scheme 36) demonstrating the facility of 
debenzy].ation in this case. 
(d) O(, N-Disubstituted 2-Nitroanilinoacetonitriles 
Attempts to react the secondary amines (167 a-c) with acetaldehyde 
or benzaldehyde and sodium cyanide in the presence of zinc chloride 
to give products with the structures (172 a-c) (scheme 37) were 
1 
2 I 	II 	R-CH 
-'NO 2 	N CN 
H \7p1 
yN-CH--CN 
NO R 2 
R2 CHO + NaCN 
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scheme 38 
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unsuccessful. When the amines (167 a and c) were treated with 
benzldehyde and sodium cyanide in the presence of zinc chloride 
at 500,  the only compounds isolated in good yield were the starting 
amines (167 a and c). Increasing the temperature to 100 ° in the 
reaction of ( 1 67c) 	benzaldehyde and sodium cyanide in the 
presence of zinc chloride resulted in some decom2ostion and the 
formation of a low yield of benzyl acetate and starting amine ( 1 67c). 
Substantial quantities of brown intractable gums were also obtained 
under these forcing conditions and no product corresponding to the 
disubstituted acetonitrile (172c) was obtained. 	- 
When 2-nitrodiphenylamine (167b) was treated with acetaldehyde 
and sodium cyanide in the presence of zinc chloride at 500  (scheme 37), 
the compound solated from the reaction was shown by t.lc. to be 
starting amine (167b), contaminated with acetaldehyde. No product 
corresponding to (172b) was isolated. 
The failure of the reaction of the amines (167 a-c) with 
acetaldehyde and benzaldehyde was unfortunate since the products 
(172 a-c) would be expected to cyclise to benzimidazole N-oxides as 
discussed previously (page 130, scheme 32). 
Discussion of the Reaction Mechanism of CyanomethZlation 
A mechanism which explains the cyanomethylation of the amines 
(164) and (167) to give the cyano compounds (165) and (168) is 
outlined in scheme 38. Nucleophilic attack by sodium cyanide on the 
aldehyde gives the cyanohydrin (173) which in turn undergoes 
nucleophilic attack by the amine (164) or (167) with 
elimination of water to give the observed cyano compounds (165) or 
(168). 
In the case of the unsubstituted amines (164) the yields of the 
R1 	 R1 
R21NCHICN 	R2 -NCHCONH 2 
LJ NO2 
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(165a) 	H 	 H 	 (175) 
( 165h) 	H 	 Cl 	 (171) 
(168a) 	CH 	H 	(176) 
(168c) 	PhCH2 	H 	(177) 
scheme 3 
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nitrilee (165) are high and were not dependent on the reactivity 
of the aldehyde used in the reaction. Thus acetaldehyde which is 
a less reactive aldehyde than formaldehyde gave a high yield of 
the nitrile (165e) (scheme 33). This suggests that the factor 
governing the reactivity in the process (164 - .165) (scheme 33) is 
the basicity or nucl9ophilicity of the amine group in the amine (164). 
0 
The fact that the secondary amines (167 a-c) react with 
formaldehyde and .sodium cyanide in the presence of zinc chloride 
(scheme 34) but do not react with acetaldehyde or benzaldehyde 
under similar conditions (scheme 37) suggests that the reactivity 
of the aldehyde used in the reaction is critical. It is also 
possible that steric hindrance is preventing the reaction (167- 1 72) 
(scheme 37) from taking place. 
Hydrolysis of 2-Nitroanilinoacetonitriles 
Hydrolysis of the 2-nitroanilinoacetonitriles (165 a and h) 
and (168 a and c) using polyphosphoric acid gave good yields of the 
corresponding amides (scheme 39) The amide (171) obtained in this 
reaction was identical with a sample obtained previously (page 135 
The spectroscopic properties of the amides (171) and (175-177) were 
fully consistent with the assigned structures. In the reaction of 
the N-benzyl nitrile (168c) with polypliosphoric acid some 
debenzylation took place and a moderate yield of the amide (175) was 
obtained as well as a low yield of the N-benzyl derivative (177). 
The spectroscopic properties of the amide (177) were fully in accord 
with assigned structure but there was insuffiáient material to obtain 
satisfactory analytical data for the compound. 
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4.3 The Base-catalysed Cyclisation of 2-Nitroanilinoacetonitriles 
The 2-nitroanilinoacetonitriles (165 a, b, d and g) underwent 
base-catalysed cyclisation when heated with aqueous methanolic 
sodium carbonate giving high yields of the corresponding 
N-hydroxybenzimidazoles (178 a-d) (scheme ko). These reactions 
are analagous to previously reported cyclisationut. [cf. (139)(140) 
page 1251 The N-hydroxybenzimidazoles (178 a-d) gave analytical 
and spectroscopic data consistent with their assigned structures. 
Their i.r. spectra all contained broad absorption bands at 
Ca. 2500 cm characteristic of ahydroxyl group and weak absorption 
bands at ca. 2300 cm" 1 attributable to a cyano group. 
The compound (178a) was identical with a sam1e prepared 
previously 63 ind was reduced by sodium dithionite to a product whose 
m.p. and spectral properties were consistent with its being the 
67 
known compound 2-.cyanobenzimidazole. The i.r. spectrum of the 
reduced compound contained a broad absorption band at 3100-2600 cm 
and a weak absorption band at 2330 cm 	are characteristic of 
an N-H group and a cyano group respectively. The mass spectrum 
showed the molecular weight to be 143 corresponding to 
2-cyanobenzimidazole. 
The phenylacetonitri].e derivative ( 1 65f) underwent base-catalyed 
cyclisation to give a low yield of 1-hydroxy-2-phenylbenzimidazole 
(136) which was characterised by comparison with an authentic sample. 
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Chromatography of the non-acidic material from this reaction gave a 
low yield of a compound whose analytical and mass spectral data were 
consistent with the formula CIkH12N2O3.  Possible structures for 
this product are (179) and (180). The i.r. spectrum contained 
absorption bands characteristic of a nitro group and an absroption 
band at 1680-1660 cm attributable to an aomethine (C N) or 
carbonyl group. The 
1 
 H n.m.r. spectrum showed the presence of nine 
aromatic protons and contained a singlet at -C6.01 corresponding 
to an N-methyl or 0-methyl group. The melting point of the 
unidentified compound is 840 while that of the benzanilide derivative 
(180) is 810.68  Thus compound (180) cannot be excluded on the basis 
of its literature melting point since the melting points are similar. 
The attempted cyclisation of the propionitrile derivative 
(165e) using sodium carbonate as the catalyst gave brown intractable 
gums from which no products were identified. The failure of the 
nitrile (165e) to cyclise could be ue to the reduction in the 
acidity of the methine group as a result of methyl substitution. 
Cyclisation of the N-substituted 2-nitroanilinoacetonitriles 
(168 a-e) gave good yields of the corresponding N-hydroxy-
benzimidazolinones (181 a-c) (scheme 1) for which satisfactory 
analytical and spectral data were obtained. Their i.r. spectra 
11+1 
contained broad absorption bands at Ca. 2700 cm and at Ca. 1700 cm 
which are characteristic of a hydrogen-bonded hydroxyl group and a 
carbonyl group respectively. The presence of the N-hydroxyl group 
in the compounds (181 a-e) was indicated by their enhanced acidity 
and by the production of a dark green colour with ferric chloride in 
ethanol.43 The melting point of the compound (11a) was slightly 
lower than that reported by Kano 
17 
 for 1-hydroxy-3-methylbenzimidazoljn_ 
2-one (181a). 
In the preparation of the compounds (181 a-e) some non-acidic 
gums were obtained and in the case of the N-methyl derivative (181a), 
the gum was chromatographed. Low yields of N-methyl-2-nitroaniline 
( 1 67a) and N-methyl-2-nitroanilinoacetonitrile (18a) were obtained. 
A low yield cP the amide (176) was also obtained. The amide (176) is 
probably formed in the reaction by hydrolysis of the corresponding 
nitrile (168a). This mode of formation is supported by the fact 
that the nitrile (168a) is readily hydrolysed to the amide (176) by 
polyphosphoric acid (scheme 39, page 138) The non-acidic gum from 
the preparation of the Nmethyl derivative (181a) also afforded a 
low yield of a product corresponding to the N-oxide (182). The 
spectroscopic properties of the product (182) were fully in accord 
with the assigned structure and the melting point was consistent with 
the reported 17 value for 1-methylbenzimidazole-2-carboxarnjde 
CH3 
N —C H 2 0 N H2 Na2CO3 
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3-N-oxide (182). The N-oxide (182) is probably formed either by 
base-catalysed cyclisation of the amide (176) (scheme 42) or by 




cyclisation of the nitrile (168a) to the hydroxarnic acid (181a). 
The former mode of formation is supported by the .act that the amide 
(176) was cyclised to the N-oxide (182) in low yield by heating in 
aqueous methanolio sodium carbonate. The last reaction also gave 
a low yield of an acidic product whose spectra). properties were 
consistent with the carboxylic acid structure (134). The i.r. 
spectrum contained broad absorption bands at Ca. 2700  and 1700 cm 
CH 3 
i>-CO2H 
c 	 (181+) 
I 
attributable to a carboxyl group. The H n,m.r. and mass spectra 
were also fully in accord with the assigned structure (184). The 
literature 17 melting point of the N-oxide (184) however did not 
correspond with the melting point of the compound (18 1+) obtained in 
143 
the present work and unfortunately there was insufficient material to 
fully characterise compound (184) by analysis. An attempt to cyclise 
the amide (176) using sodium acetate as the catalyst was unsuccessful 
probably because the acetate ion is not a strong enough base. 
No attempt was made to separate the multicomponent gums also 
obtained in the syntheses of the benzimidazolinones (181 b-e). 
The attempt to cyclise the nitrile (168f) using aqueous 
methanolic sodium carbonate was unsuccessful and no product 
corresponding to the N-hydroxybenzimidazolinone (181f) was obtained. 
One possibility for the failure of the last reaction was that in 
the reaction of the dichloro compound (170d) with benzylaxnine 
(scheme 35) (page 134) displacement of the k-chloro group rather 
than the 2-chioro group had occurred to give (185) rather than ( 1 67f) 
and hence by cyanomethylation (186) and not (168f). However, this 
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reason for the failure of the aforementioned cyclisation is excluded 
by the fact that in accord with its assigned structure the amine 
(167f) undergoes cyclisation on treatment with inethanolic sodium 
hydroxide53 to give the known N-hydroxybenzimidazole (187). The 
C ( [~Z~ ):, N~-  
Ph 
OH 
( 1 87) 
melting point of this product was somewhat higher than the 
69 
literature vaie but its properties were fully in accord with the 
structure ( 1 87). 
Proof of Structure of N-Hydroxybenzimidazolinones 
The N-hydroxybenzimidazolinones (181 a-e) gave high yields of 
the corresponding benzimidazolinones (188 a-e) (scheme +3) on 
reduction with sodium dithionite. Satisfactory spectral data were 
obtained for the benzimidazolinones (188 a-e) and the melting points of 
(188a-c and e) were in accord with the literature values?0 
' 
Compound (188d) is a new compound for which satisfactory analytical 
data was obtained. Thus reduction of the N.-hydroxybenzimidazolinones 
(181) to known benzimidazolinones (188) establishes unambiguously 
the structures of the N.-hydroxy compounds (188). The structure of 
c.ompound (188b) was confirmed by comparison with an authentic 
sample prepared by the cyclisation of diphenylurea (19) using 
sodium hypochiorite as described by Rosnati 72 (189-'188b). 
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The reaction of the N-hydroxybenzimidazolinones (181 a, c and d) 
with acetic anhydride at room temperature provided further evidence 
for the structure of the N-hydroxy compounds (181). Thus mild 
acetylation of the N-hydroxy compounds (181 a, c and a) gave high 
yields of the N-acetoxy derivatives (190 a-c) (scheme k) which is 
characteristic of the reaction of an N-hydroxy compound with acetic 
anhydride. The i.r. spectra of compounds (190 a-c) showed absorption 
bands in their i.r. spectra characteristic of an N-acetoxy group. 43 
The N-phenyl compound (181b) reacted with acetic anhydride at 
room temperature to give a gum and an N-acetoxy derivative was not 
isolated in this case. 
Mechanisms of the Base-Catalysed Cyclisations of 2-Nitroanilino--
acetonitrile Derivatives 
The base-catalysed cyclisation of the 2-nitroanilino-
acetonitriles (165 a-d) and (168) can be rationalised by the 
mechanisms summarised in scheme 45 for the -unsubstituted 
acetonitrile ( 1 65a) and the N-methyl derivative (168a) respectively. 
The first step in these cyclisations is abstraction of a proton from 
the active methylene group in ( 1 65a) or (168a) to give the carbanions 
(191) Nucleophilic attack on the nitro group by the negative centre 
in (191) gives the intermediate (192) which by a proton shift 
generates a negative charge at the 2-position to give the intermediate 
146 
(193). Elimination of hydroxide ion from (193) then gives the 
corresponding 2-cyanobenzirnidazole N-oxide (194) which in the case 
where R = H, is tautomeric with the N-hydroxybenzimidazole (178a) 
isolated in the reaction (Cf. scheme ko). In the case where R = CH3 , 
the N-oxide (194) is not isolated but undergoes addition of water to 
give the intermediate (195) which by elimination of hydrogen cyanid': 
gives the N-hydroxybenzimidazoUnone (181a) observed as product 
(cf. scheme ki). The intermediate formation of the nitrile(194) is 
supported by the isolation of the corresponding amide (181) (scheme 42) 
as a by product in the cyclisation. The steps [( 19k) - 195) --178a)1 
are further supported by the reported 17 base-catalysed conversion of 
the N-oxide [(194); R = CH 
3 1 into the 
(181a). 
The cyclisation of the o-phenyl derivative (165f) to the 
N-hydroxybenzimidazole (136) supports the mechanism suggested for the 
54 cyanide-catalysed formationof the N-hydroxybenzimidazole 16) from 
N-benzylidene-2-nitroaniline (137) (page 124). 
The cyclisation of the amide (176) to the N-oxide (182) 
(scheme 42, page 141) can be rationalised by a mechanism analogous 
to that outlined in scheme 45 for the nitrile (168a). 
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4.4 Reactions of 1-Hydroxybenzimidazolin-2-ones 
(i) Acetic Anhydride 
In contrast to their behaviour at room temperature, reaction 
of the N-hydroxybenzimidazolinones (181 a-d) with hot acetic 
anhydride caused an exothermic reaction to take place giving tarry 
material from which it was difficult to isolate aiy products. The 
compounds (181 b and d) both gave brown intractable gums while in 
the case of the N-benzyl compound (181c) a moderate yield of the 
5-acetoxy derivative (196b) was isolated (scheme 1+6). The acetoxy 
group in (196b) was shown to be in the 5-position by the characteri.stic 
splitting pattern of the aromatic protons (H-k, 11-6 and 11-7) in its 
n.m.r. spectrum. In accord with the C-acetoxy ztructure (196b) 
the i.r. spectrum of the product showed characteristic carbonyl 
absorption at 1755 cm- 
1. 
 The mass spectrum and analytical data 
obtained for compound (196b) were consistent with the assigned 
structure. It should be noted however that the evidence cited doe; 
not exclude the possibility that the acetoxy group is in the 
6-position. 
The reaction of the N-methyl compound (181a) with hot acetic 
anhydride produced a low yield of the 5-acetoxy compound (96a) for 
which satisfactory spectroscopic and analytical data were obtained. 
The last reacticn also produced an unidentified solid which on 
attempted crystallisation gave a gelatinous precipitate. The presence 
of an acetoxy group in this product was shown by broad absorption 
in its i.r. spectrum at 171+0 cm • The 11 n.m.r. spectrum of this 
product contained aromatic protons, a multiplet in the N.-methyl 
region and a doublet corresponding to an acetoxy group. When one 
considers the structure of the starting material (181a) it is 
11+8 
difficult to see how a pure compound containing a rnultiplet in the 
N-methyl region could be obtained by reaction with acetic anhydride. 
One possibility is that the multiplicity in the N-methyl region is 
due to the polymeric nature of the product. That multiplicity in 
the N-methyl region cannot be due to coupling with the acetoxy 
group is demonstrated by the fact that irradiatin at the signals 
due to the acetoxy group did not affect the multiplicity in the 
N-methyl region. 
When the reaction of the N-methyl compound (181a) with acetic 
anhydride was carried out in the presence of concentrated sulphuric 
acid, a violent exothermic reaction took place and a brown 
intractable gum was obtained. 
In contrast to the ease with which the N-hydroxybenzimidazolinones 
(181) reacted with hot acetic anhydride, 2-cyano-1-hydroxybenzimidazole 
(178a) was recovered in almost quantitative yield after being heated 
under ref lux in acetic anhydride for 3 h. A trace of a compound 
containing an N-acetoxy group and a cyano group (as shown by the 
characteristic absorption bands at 1815 cm and 2270 cm in the 
i.r. spectrum) was obtained in this reaction. This compound was also 
obtained in high yield when the benzimidazole (178a) was heated under 
reflux with, acetyl chloride in glacial acetic acid, and is assigned 









ethanol, the N-acetoxy derivative (197) was hydrolysed back to the 
starting N-hydroxybenzimidazole (178a) and consequently it could 
not be fully characterised by analysis. 
The mechanism of the reaction of the benzimidazolinones (181) 
with acetic anhydride will be discussed later (page 160). 
Substitution in the 5-position of an N-oxygnated benzimidazoi 
by acetic anhydride has been observed before. Thus 2 ,3-disubstituted 
benzimidazole 1-oxides (35) react with acetic anhydride to give 







(ii-) Acetyl Chloride 
The N-hydroxybenzimidazolinones (181 a-c) reacted with acetyl 
chloride in glacial acetic acid to give high yields of products 
whose spectral properties and analytical data were fully in accord 
with the 5-chloro-N-acetyl structures (196 c-e) (scheme 46). The 
products (196 c-e) showed i.r. carbonyl absorptions at ca. 1740 cm 
and 1 H n.m.r. absorption at 't 7.23-7.28 consistent with the presence 
of an N-acetyl group. The 5-position for the chloro substituent is 
in accord with the splitting pattern of the aromatic proton 
resonances in the 1 H n.m.r. spectra of the compounds (196 c-e) which 
is characteristic of a 1,2,-trisubstituted benzene derivative. 
The reaction of the compound (181d) with acetyl chloride in 
150 
glacial acetic acid gave a product which is assigned the structure 
(1961). Its i.r. spectrum contained a carbonyl band at 1740 cm- 1 
and its 1H n.m.r. spectrum contained methyl absorption at t7.23 
confirming the presence of an N-acetyl group. The chioro substituent 
in (196f) was shown to be in the 6-position by the lack of splitting 
in the 
H 
 n.m.r. signals due to the ff_L and H-7 3rolratic protons. 
The mass spectrum of the product was also in accord with structure 
(196f). However, on crystallisation from ethanol-glacial acetic 
acid for analysis, the compound (196f) was deacetylated to the 
benzimidazolinone (196g) (scheme 6) for which satisfactory mass 
spectral and analytical data were obtained. 
The mechanism of the reactions of compounds 181 a-d) (scheme 46) 
with acetyl chloride will be discussed later. 
(iii) Acetyl Bromide 
The N-hydroxybenzimidazolinone (181a) reacted with acetyl 
bromide in glacial acetic acid to give a moderate yield of the 
5-bromo derivative (196h) (scheme 46). The structure of this 
product was.verified as for the 5-chloro analogue (196c). 
The compounds (181 b and c) reacted with acetyl bromide to give 
products which were shown to be mixtures by their 1  11 n.m.r. spectra 
and by t.l.c. Attempts to resolve these mixtures by crystallisation 
were unsuccessful. In the case of the N-phenyl compound (IBIb) the 
mixture was acetylated using acetic anhydride but the product from 
the acetylation was still a mixture as shown by its 1H n.m.r. 
spectrum and t.l.c. The mixtures in these reactions could arise by 
reduction of the N-hydroxy compounds (181 b and c) to the 
benzimidazolinones (188 b and c) respectively. Hydrogen bromide 
arising from reaction of acetyl bromide with glacial acetic acid 
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could effect this reduction. It is also possible that the compounds 
(196 i and j) (scheme 46) are being formed in the reaction and are 
then undergoing deacetylation to the compounds (196 Ic and 1) 
(scheme 46) respectively. Thus the complexity of the acetyl bromide 
reaction compared with the acetyl chloride reaction may be due to 
the fact that hydrogen bromide is a better reduc5ng agent than 
hydrogen chloride. 
(iv) Benyjhloride 
The N-benzyl compound (181c) reacted with benzoyl chloride in 
the presence of aqueous sodium hydroxide in a Schotten-Bauniann type 
of reaction to give a good yield of a product which gave correct 
analytical data for the benzoyloxy derivative (19um). The presence 
of the benzoy'.oxy group in the product (196m) was shown by the 













characteristic carbonyl absorption at 1770 cm- 	the i.r. spectrum. 
This reaction provides further evidenc.e for the presence of the 
N-hydroxyl group in the compound (181c). 
In contrast, the reaction of the N-phenyl compound (181b) with 
benzoyl chloride in the presence of aqueous sodium hydroxide 
gave a good yield of a compound which was shown to be the 
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5-benzoyloxy derivative (196n). The presence of the C-benzoyloxy 
Ph 	 Ph 
0 IN PhCOC1 	P h C 
NaOH 	 aN 
0H 	 H 
(181) 	 (196n) 
group in (196n) was shown by the presence of an absorptLon band at 
1720 cm in its i.r. spectrum. The 1 H n.m.r. spectrum of the 
product contained signals which can be assigned to H.-4 and H.-6 in 
the structure (196n). The 5-position for the benzoyloxy group is 
fully consistent with the splitting pattern of the aromatic protons.. 
H-7 which would be ortho-coupled was obscured by the other aromatic 
protons in the molecule. 
The reason for the difference in the products in the reactions 
of compounds (181 b and c) with benzoyl chloride is probably due to 
the different work up proôedure employed. In the case of the 
N-benzyl compound (181c) the product was obtained as a solid which 
was easily isolated to give the N-benzoylcxy derivative (196m). 
In the case of the N-phenyl compound (181b), the product wa 
obtained as a gummy solid which was heated under reflu.x in ethanol 
to remove the excess of benzoyl chloride. It is probable that the 
initial product in the reaction was an N-benzoyloxy derivative 
LEE.- (196m)] which underwent rearrangement to give the 
derivative (196n). The corresponding rearrangements of N-acetoxy 
derivatives are discussed later. 
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(v) Reactions of 1-Hydroxybenzirnidazolin-2-ones in the presence of 
Toluene-p-sulphonyl Chloride 
It has been shown that benzimidazole 1-oxide (124) is converted 
into the benzimidazolin-2-one (201) when treated with hydroxide ion 
in the presence of toluene-p-sulphonyl chloride.  50  The reaction 
probably proceeds by coordination at the N-oxide oxygen atom by tosl 
chloride to give the intermediate (198) (scheme 47) which undergoes 
nucleophilic attack by hydroxide ion giving the intermediate (199). 
Elimination of toluene-p-su].phonic acid from (199) then gives the 
2-hydroxybenzimidazole (200) which is tautomeric with the 
benzimidazolin-2-one (201). 
The reaction of the N-hydroxy compound (181a) with aqueous 
sodium hydroxde in the presence of toluene-p-sulphonyl chloride 
gave a brown intractable gum which was shown by t.l.c. to be a 
multicomponent mixture. Since this last reaction did not give an 
identifiable product, the reaction of the compound (181a) with 
toluene-p-sulphonyl chloride in chloroform was carried out. However, 
this attempted reaction gave a quantitative yield of the starting 
N-hydroxy compound (181a). 
The reaction of the N-hydroxy compound (181a) with toluene-p-
sulphonyl chloride in the presence of pyridine gave a good yield of 
a product which was shown by its spectroscopic properties to be the 
pyridinium salt (202). The i.r. spectrum contained a broad band at 
01~ 	
CH 




3350 cm characteristic of hydroxyl and amino absorption. The 
II n.m.r. spectrum of (202) showed the presence of pyridine in the 
molecule since the integral indicated that there were eight aromatic 
protons in the compound. The only other signal in the 
I
H n.m.r. 
spectrum was due to the protons of the N-methyl group. The position 
of the pyridine group in the molecule could not be established 
unequivocally from the 1H n.m.r. spectrum due to the complexity of 
the aromatic region. The position of substitution was taken to be 
the 5-position by analogy with the orientation of previous 
substitution reactions [e.g. the reaction of compound (181a) with 
acetyl chloride and acetyl bromide]. The mass spectrum of the 
pyridiniurn salt (202) contained a peak at 226 mass units corresponding 
to the molecular weight of the cation of the salt (202). The salt 
could be crystallised from ethanol but it did not give satisfactory 
analytical data. This is probably clue to the mixed character of 
the counterion of the salt causing differences in its molecular 
weight. Thus, although the salt is formulated as the chloride (202) 
it is possible that toluenesuiphonate could also function as the 
counterion leading to a mixture of two possible pyridinium salts. 
The presence of chloride ion in the salt (202) was shown by the 
fact that a solution of the salt in water gave a white precipitate 
when treated with aqueous silver nitrate solution. It was a'--own 
that a solution of the benzimidazolinone (188a) in ethanol treated 
with ethanolic silver nitrate did not give a white precipitate. 
The salt (202) also dissolved in aqueous alkali giving a yellow 
solution from which no colour was extracted into chloroform. This 
suggests that the salt (202) was possibly forming a zwitterion (203) 
in alkali and this was not being extracted into the chloroform. 
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The formation of the salt (202) can be explained by the 
mechanism shown in scheme 48. The initial step is reaction of the 
N-hydroxy compound (181a) with toluere-p-sulphony chloride to give 
the intermediate (204) which undergoes nucleophilic attack at the 
5-position by pyridine followed by a proton shift to give the 
pyridinium salt (205). This process is similar to the reaction of 
4-mothylquinoline 1-oxide (86) with toluene-p-sulphonyl chloride and 
pyridine to give the cation (88) as described in chapter one (page 20). 
An attempt to cleave the pyridinium salt (202) to the amino 
compound (206) by heating it under reflux with piperith.ne in methanol 40  
E:IIIIi.1 	CH3 N>:O  
):DIN 
CH3 
NH 2 N> 
H 
(202) 	 (206) 
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was unsuccessful. The product from the reaction was an intractable 
brown gum. The object of this experiment was to degrade the 
pyridiniun salt (202) to a compound whose structure could be more 
readily established by further degradation to a benzimidazolinone 
of established structure. This would have established unequivocally 
the position of the pyridine substituent in the kalt (202). 
The 5.-methyl compound (181d) reacted with pyridine and 
toluene-p-sulphonyl chloride to give a brown intractable gum from 
which no definite products could be isolated. Thus, it appears that 
blocking the 5-position in the hydroxamic acid (181d) alters the 
course of the reaction. 
(vi) Phosphorus Oxychioride 
Chlorination of benzimidazole N-oxides has been carried out 
using phoarhoraxS: oxychioride as the chlorinating agent. Thus 
3-rnethylbenzirnidazole 1-oxide (207) gives the 2-chlorobenzimidazole 
70
(208) when treated with phosphorus oxycbloride 	The attempted 
reaction of 1-hydroxy-3-methylbenzimidazolin-2-one (181a) with 
0H3 	 0H 3 




phosphorus oxychloride in chloroform gave an almost quantitative 
yield of the starting material (181a) and triethyiphosphate. This 
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indicates that the phosphorus oxychioride is being converted into 
triethyiphosphate by the ethanol present in the chloroform and thus 
no chlorination is taking place. The reaction of (181a) with 
phosphorus oxychioride was repeated using 1,2-dichioroethane as the 
solvent and in this case the product was a gum from which no 
identifiable material could be obtained on trituration. 
4.5 Reactions of 1-Acetoxy-3-substituted Benzimidazolin-2.-ones 
It was found that when the N-acetoxy compounds (190 a and b) were 
heated under reflux in ethanol, good yields of the corresponding 
5-acetoxy derivatives (196 a and b) were obtained. These products 
were identical with the acetoxy compounds obtained in the reactions 
of the N-hydrxy compounds (181 a and c) with hot acetic anhydride. 
The effect of having a eubstituent in the 5.-position in these 
N-acetoxybenzimidazolinone rearrangements was investigated by heating 
the 5-methyl compound (190c) in ethanol. In this case the product 
obtained j.n moderate yield was shown to he the 6.-acetoxy derivative 
(196o). This product gave analytical data consistent with its being 
CH2 Ph 





CH 3 	N 
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(196o) 
isomeric with the starting material and showed i.r. carbonyl 
absorption at 1740 cm- 1 consistent with the presence of a C-acetoxy 
0 
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group. The 1 H n.m.r. spectrum of the product (196o) contained a 
signal assignable to the protons of a C-methyl group indicating that 
no attack on the 5-methyl group had taken place. The acetoxy group 
was shown to be in the 6.-po8ition by the fact that the H n.m.r. 
spectrum revealed no observable splitting in the H-k and H-7 protons. 
Thus, it appears that when the 5-position is blocked, the most 
reactive position in the benzimidazolinone (190c) is the 6-position. 
A similar result was obtained in the reaction of the N-hydroxy 
compound (181d) with acetyl chloride (page 1 49). 
The N-acetoxy compound (190a) was recovered unchanged after being 
heated under reflux in benzene for 1 h. Since the boiling points of 
ethanol and benzene are comparable, it would appear that the less 
polar nature of benzene with respect to ethanol is causing this 
difference in reactivity. 
On heating under reflux in toluene, the N-acetoxy compound (190a) 
underwent rearrangement to afford a good yield of the 5-acetoxy 
derivative (196a) whicn was characterised by comparison with a 
sample obtained previously. This reaction also gave a moderate yield 
of the unidentified polymeric solid obtained in the reaction of the 
N-hydroxy compound (181a) with hot acetic anhydride (page 147). 
The N-acetoxy compound (190a) also underwent rearrangement to 
the 5-acetoxy derivative (196a) in good yield when heated in glacial 
acetic acid. In order to find out whether the N-acetoxy compound 
(190a) would react with acetate ion, a solution of the compound (190a) 
in glacial acetic acid was stirred at room temperature with fused 
sodium acetate. The reaction was worked up to give a moderate yield 
of the 5.-acetoxy derivative (196a). It was noticed that the reaction 
mixture became dark brown on being heated during the work up and this 
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suggests that the N.-acetoxy compound (190a) did not in fact react 
with the acetate ion at room temperature but rather was converted 
into the 5-acetoxy derivative (196a) by heating in the glacial acetic 
acid during work up. 
When the N-acetoxy compound (190a) was heated inpropionic acid, 
the product obtained was shown to be a mixture of an acetoxy and a 
propionyloxy compound by its 
1 
 H n.m.r. spectrum. The presence of the 
propionyloxy compound was clearly shown by the H n.m.r. signals at 
'C 7.25 (quartet) and -C 8.63 (triplet). 
The N-acetoxy compound (190a) was recovered unchanged in almost 
quantitative yield when it was heated for a short time with acetic 
anhydride. In view of the fact that the compound (190a) has been shown 
to undergo rearrangement to the 5-acetoxy dcrivative (196a) when 
heated in ethanol, toluene and glacial acetic acid, it is probable 
that in this reaction with acetic anhydride, the reaction time was not 
long enough and the conditions were not vigorous enough. 
In an attempt to react the N-acetoxy compound (196a) with other 
nucleophiles, it was treated with ethanolic sodium cyanide. A good 
yield of the corresponding N-hydroxy compound (181a) was obtained. 
Thus, hydrolysis of the N-acetoxy group to the N-.hydroxy group takes 
place rather than nucleophilic substitution by cyanide ion. 
Substitution in the 5-position of an N-oxygenated benzimidazole by 











OH 	 OAc 
181a) 	 (190a) (  
CH CH 
N\,= 	 [a- N)r- Ho 
(211) 
OH 
I  3 	
CH3 
H cJN O 
(196a) 	 I 
X=AcO 	 I 
0H3 
0 	 OH 
x- 
(212) I N 
•Ac 
(196c, X = ci) 
	









/ (213) OAc N<CO2H 
n 
CH 	 CH 






(196p X = Ci) 
(196q X = Br) 
scheme r-O 
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4.6 Discussion of Reaction Mechanisms 
The reactions of the N-hydroxybenzimidazolinones (181 a-c) with 
acetylating agents at elevated temperatures are explicable by the 
reaction mechanism outlined in scheme 49 for the N-methyl compound 
(181a). The initial step involves the formation of the N-acetoxy 
compound (190a) which can undergo nucleophilic attack at the 5-position 
with simultaneous loss of the acetoxy leaving group to give the 
intermediate (211). The intermediate (211) gives the observed 
products (196a, X = AcO), (196c, X = Ci) and (196h, X = Br) as shown. 
Alternatively, ionisation of the N-acetoxy compound (190a) could 
occur giving the resonance stabilised nitrenium cation (212). 47 
Nucleophilic attack at the 5-position in the latter would yield the 
intermediate (211) which then gives the observed products as shown in 
scheme +9. In the acetyl chloride and acetyl bromide reactions, 
subsequent acetylation at N-i occurs to give Nacetyl derivatives 
(196 C and h). 
However, the demonstration of the apparently purely thermal 
rearrangement of the N-acetoxy compounds (190 a and b) to the 
5-acetoxy derivatives (196 a and b) puts a different complexion on 
the results and suggests that all of the reactions go according to 
the mechanism in scheme 50. As shown in scheme 50, ionisation of 
the N-acetoxy compound (190a) gives the ion-pair (213). If no 
other nucleophile is present, then the ion-pair (213) rearranges 
to the 5-acetoxy derivative (196a). This process could he 
intramolecular (tight ion-pair) or intermolecular (loose ion-pair). 
In the acetyichioride and acetyl bromide reactions, chloride ion 
and bromide ion may be present and the ion-pair (213) undergoes 
nucleophilic substitution at the 5-position to give the 5-chioro 
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and 5-bromo derivatives (196 p  and q) respectively. As mentioned 
previously, these are acetylated to the N-acetyl derivatives 
(196 c and h) respectively during the course of the reaction. The 
fact that the N-acetoxy compound (190a) rearranges in propionic acid 
to give a product containing a propionoyloxy group ( 196r) suggests 
that the rearrangement is intermolecular. 
A radical pair process for the rearrangement cannot be excluded 









attack by what must be chloride ion and bromide ion in the acetyl 
chloride and acetyl bromide reactions. Under the conditions used in 
these reactions, the presence of free radicals is somewhat unlikely. 
The acetyl chloride and acetyl bromide reactions could be 
concerted [ 	c and h)] (scheme 49) but the 
thermal rearrangement of the N-acetoxy compound (190a) in toluene and 
ethanol must Le stepwise and pTobably ionic rather than free radical. 
The rearrangement in acetic acid could be concerted or stepwise. 
Further work is required to clarify the situation and will be going 
ahead in due course. 
If the process (190a-'196a) is an intermolecular rearrangement, 
it should be possible to introduce other nucleophiles into the 
5-position of the compound (190a) by reacting the compound (190a) 
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with nucleophiles. However, in the case of cyanide ion at least, 
the demonstration of such a process was precluded by the preferential 
hydrolysis of the N-acetoxy group which occurred (page 159). Once 
hydrolysis of the N-acetoxy group has taken place, nucleophilic 
substitution will not occur readily since the hydroxyl group is not 
such a good leaving group as the acetuxyl group. 
The reaction of the 5-methyl compound (181d) with acetyl 
chloride to give the 6-chioro derivative (196f) and the rearrangement 
of the 5-methyl-N-acetoxy compound .(190c) to give the 6-acetoxy 
derivative (196o) is unusual and is difficult to rationalise on the 
basis of the mechanisms outlined in schemes 49 and 50. A tentative 
suggestion for a mehanism which would explain substitution in the 
6-position of (190c) is outlined in scheme 51. Ionisation of the 
N-acetoxy compound (190c) gives the nitreniwn cation[(215) 4-b(216. 
Nucleophilic attack at the 6-position by f with the simultaneous 
gain of a proton at the 2-position gives the intermediate (217). 
The elimination of a proton from (217) gives (218) which is 
tautomeric with the observed product (196o). 
The 1-hydroxy 2-cyanohenzirnidazole (178a) is much less reactive 
towards acetylating agents than are the N-hydroxybenzimidazolinones 
(181). This could be due to the fact that ionisation of the N-acetoxy 
compound (197) would give the nitrenium cation (219) which cannot be 
1LL 	CN 
( 1 97) 
SAc 	
(219) 
stabilised by resonance. The nitrenium cation (212) derived from 
ionisation of the N-acetoxy compound (190a) is resonance stabilised 
(scheme 49). 
Chapter Five 
Experimental Section - N-Oxygenated Benzimidazoles 
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5.1 The Synthesis of N-Benzyi-2-..nitroanilines 
The 2-nitrochlorobenzene derivative (170) (0.1 mol), benzylamine 
(10.6 g, 10.7 ml, 0.1 mol) and anhydrous potassium carbonate (7.0 g, 
0.05 mol) were stirred at 1500  for 2 h. The reaction mixture was 
cooled, extracted with boiling ethanol (150 ml) and hot filtered. 
The N-benzyl-2-nitroanilines (167 c-g) crystauiied from the ethanol 
and were collected by filtration, washed with water (20 ml) and dried 
in vacuo. 
N-Benzyl-2..nitroaniline (167c) was prepared from 2-nitrochioro- 
benzene (170a) as an orange crystalline solid 65%), M.P. 71+ 
61+ 
(lit. 	71+0  ) ( from ethanol). 
N-Be hioro-2-nitroaniline (167e) was repared from 
2,5-dichloronitrobenzene (170c) as orange needles (61+%), m.p. 780  
(from ethanol) (lit. 65 790), 
	
max 
31+50 w (NH), 1520 and 1360 (110 2 ) 
cm,(CDCi3 ) 1.61+ (111, broad singlet, Nh), 1.86 (111, d, meta 
2,0 Hz, H-3), 2.60-2,80 (611, rn, ArH), 3.27 (111, d, J 0 . 0 8,0 Hz, 
11-6) and 5.51 (211, d, JCH-NH  6.0 Hz, CH2 ), M 262 (24). 
N-Benzy-5-chloro--2-nitroaniline (167f) was prepared from 
2, 1f-dichloronitrobenzene (170d) as described above as an orange 





3q00 w (NH), 1505 and 1360 (1102 )  ci ,(CDCl3) 1.51+ (111, 
broad singlet, NH), 1.87 (1H, d, J 
ortho 
 8.0 Hz, 11-3), 2.61+ (511 9 a, 
An -I), 3.16 (111, d, Jmeta  2.0 Hz, 11-6), 3.37 (iii, dd, Jortho  8,0 Hz, 
meta 2.0 Hz, 11-1+) and 5.50 (211, d, JCH NH 6.0 Hz, CH2 ). 
(a) 	 ( 1 67d) was prepared from 
2-chloro-1+-methylnitrobenzene (170b) as described above as orange 
plates (6%),. m.p. 1020  (from ethanol), umax 3430  (NH), 1505 and 
1360 (NO2Ycrn, 1' (CDC17 ) 1.58 (111, broad singlet, NH), 1.91+ (111, 
1 64 
d, J 
ortho  8.5 Hz, H-3), 2.60-2.90 (5H, m, ArH), 3.1+1 (1H, singlet, 
H-6), 3.51+ (rn, dd, J 
or metatho 8.5 Hz, J 2.0 Hz, H-4),), 5.50 (211, d, 
CH-NH  6.0 Hz, GIl2 ) and 7.71+ (3H 9 a, CH3). 
Found: C, 69.5; H, 5.8; N, 11.2% 
C 11+H 11+N202 requires: C, 69.1+; H, 5.8; N, 11.6%. 
(e) N-Benzyl-6-ch) oro-2-nitroaniline ( 1 67e) 
2,3-Dichloronitrobenzene (170e) (38.1+ g, 0.2 mol), anhydrous 
potassium carbonate (11+ g, 0.1 mol) and benzylamine (31.8 g, 32,1 ml, 
0.3 mol) were stirred at 1500  for 2 h. The mixture was cooled, 
extracted with hot ethanol (200 ml) and hot filtered. No solid 
crystallised from the ethanol extract on cooling and the solvent was 
evaporated giving a i-ed oil which was extracted into chloroform. 
The extract was washed with 5M aqueous hydrochloric acid (20 ml) and 
evaporated to give a red gum (56 g) which was "Shown to be contaminated 
with benzaldehyde [t.1.c. (light petroleum-benzene) and i.r. comparison 
with an authentic sample]. The red gum was. redissolved in chloroform 
and the extract was stirred for 12 h with saturated aqueous sodium 
bisulphite solution (50 ml). Evaporation of the extract gave 
N-benzyl-6-chloro-2-nitroaniiine (167e) as a red oil (1+8.3 g) (92%) 1  
V max (liquid film) 3330 (NH), 1530 and 131+0 (NO 2) cm 1 , t (CDC13 ) 
2.13 (IH, dd, J ortho  8.5 Hz, J meta  2.0 Hz, H-3), 2.52 (in, dd, 
'ortho 8.0 Hz, Jmeta  2,0 Hz, H-5), 2.61+-2.80 (511, m, ArH), 3.23 (in, 
d, J ortho  8.0 Hz, H-'+) and 5.1+6 (211, d, JCH-NH 
 6.0 Hz, CH2). 
The Synthesis of 5-Chloro--1-hylroxy 	lbenzimidazole (187) 
N-Benzyl-5-chloro- 2-nitroaniiine (167f) (o.k g, 0,0015 mol) and 
sodium hydroxide (0.3 g) were heated in methanol (12 nil) on a boiling 
water bath for 5 h. The reaction mixture was cooled, concentrated 
to half the original volume and neutralised with 5M aqueous 
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hydrochloric acid. The cream precipitate was collected and boiled 
for 5 nun with water and recollected to give the benzimidazole ( 1 87) 
(0.29 g) (78%), m.p. 2250 (lit. 69 206°), V m 3350 br (OH). 
5.2 The Synthesis of 2-Nitroanilinoacetonitriles 
2-Nitroanilinoacetonitrile ( 1 65a) 
2-Nitroaniline (164a) (7.0 g, 0.05 rnol), paraformaldehyde 
(4.5 g, 0.15 g), sodium cyanide (7.35 g, 0.15 mol) and powdered 
anhydrous zinc chloride sticks (52.5 g, 0.375 mol) were stirred in 
glacial acetic acid (125 ml) at 50° for 1.0 h. 	The reaction 
mixture was diluted with warm water (175 ml) and stirred in an ice 
bath for 0.5 h. The yellow solid which crystallised frcm the 
reaction mixture was collected, washed with water (50 ml) and dried 
in vacuo to yield 2-nitroanilinoacetonitril (165a) (7.43 g) (849-1 ), 
m.p. 140° ( lit.  62  140.50), Vmax  3450 (NH) 1520 and 1360 ONO 2) cm- 1. 
4-Chloro-2-.nitroanilinoacetonitrile ( 1 65b) 
4-Chloro-2-nitroaniline (164b) (8.6 g, 0.05 rnol) was stirred 
with paraformaldehyde(4.5 g, 0.15 mol), sodium cyanide (7.35 g, 
0.15 mol) and anhydrous zinc chloride (52.5 g, 0.375 mol) in glacial 
acetic acid (125 ml) for 0.5 h. 
The reaction mixture was worked up as described in experiment 
5.2(a) to give 4-chloro-2-nitroanilinoacetonitrile (165b) as yellow 
prisms (9.8 g) (94%), m.p. 15 1 ' ( from ethanol) 1) max 3330 (NH), 
2220 w (CN), 1520 and 1340 (No 2 ) cm- 1 9 T'(CF3 .CO,H) 1.70 (111, d, 
J meta  2.5 Hz, 11-3), 2.32 (1H, dd, 	 meta ortho 9.0 Hz, J 
	2.5 Hz, H-5), 
2.96 (111, d, J ortho  9.0 
Hz, 11-6) and 5.46 (2H, s, CH2 ). 
Found: C, 45.2; H, 2.8; N, 19.90% 
C8II6C1N 302 requires: C, 45.4; H, 2.8; N, 19,9% 
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(c) 4-Methyl-2-nitroanilinoacetonitrile (165c) 
4-niethyl-2-nitroaniline (164c) (7.60 g, 0.05 mol) was stirred 
with paraformaldehyde (4.5 g, 0.15 mol), sodium cyanide (7.35 g, 
0.15 mol) and anhydrous zinc chloride (52.5 g, 0.375 mol) in glacial 
acetic acid (125 ml) for 6 h. 
The reaction mixture was worked up as descr.bed in experiment 
5.2(a) to give a yellow solid (8.3 g), m.p. 1080 -1300 (from ethanol) 
1) max 3400 (NH),.2260 w (CN), 1530 and 1340 (I\102)  cm' the t.l.c, 
(chloroform; ether; benzene) of which showed a single component but 
whose H n.m.r. spectra showed it to be a 2:1 mixture of 
N,N-bis(cyanomethyl)-4-methyl-2-nitroaniline (166a) and 1+-meyl-2-  
nit roanilinoace ton itrile (165c) respectively. 
t (CF 3 .CO2H) 1 .76_1.90 (m, ArH), 2.10-2.28 (m, ArH), 2,90-3.02 
(m, Ar!!), 5 .44 0 unit, a, CH 2),  5.58 (4 units, a, 0H2)  7..49 (3 unite, 
s, OH3) and 7.60 (1,5 units, a, CH 3). 
"t[(cD3 ) 2 SO] 1.8o_3.00 (m, ArH), ,46 (1 unit, d, J 7,0Hz, C!! 2), 
5.65 (4 units, a, CH2), 7.60 (a, CH3) and 7,72 (c, C!!3). 
The mass spectrum contained peaks at 230 and 191 attributable 
to 	-bis(cyanomethy) 1+-methyl-2-nitroani1ine (166a) and 	et-2- 
nitroanilirtoacetonitrile (165c) respectively. The mixture crystallised 
unchanged from ethanol. 
Cd) 4-Methoxy-2-nitroanilinoacetonitrile (165d) 
4-methoxy-2-nitroaniline (164d) (8.4 g, 0,05 mol) was stirred 
with paraformaldehyde (4.5 g, 0.15 mol), sodium cyanide (7,35 g, 
0.15 mol) and anhydrous zinc chloride (52.5 g, 0.375 mol) in glacial 
acetic acid (125 ml) for 1 h. 	 - 
The reaction mixture was worked up as described in experiment 
5.2(a) to give an orange solid (8.2 g), m.p. 45-55° , V 	3350 (NH),max 
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2200 w (CN), 1520 and 1360 (NO 2 ) cm- 1 , the t,l.c, (chloroform; 
ether; benzene) of which showed a single component. 
The orange solid (8.0 g) was crystallised from methanol to give 
1+-methoxy-2-nitroanilinoacetonitrile (165d) as orange prisms (0.77 g) 
(7%), rn.p. 1 1+80 (from ethanol-glacial acetic acid), V max 3350 (NH) 
2220 w (CN), 1520 ..nd 1360 (NO 2) cm, 	[(cD3 ) 2 SO] 1.94 (1H, broad 
triplet, NHCH 7.0 Hz, NH), 2.1+0 (iii, d, 
meta  3.0 Hz, H-3), 
2.60 (1H, dd, Jmeta 30 Hz, 'ortho 9.0 Hz, H-5), 2.86 (111, d, 
ortho90 Hz, H-6), 5.46 (211, d, CHNH 7.0 Hz, Cr1 2) and 6.21+ (311, 
s, o.c113). 
Found: C, 52.1; H, 4.1+; N, 20.4%: M 207 
C9H9N303 requires: C, 52,2; H, 4.1+; N, 20.3%: M 207. 
The methanol mother liquors were evaporated and the orange solid 
(7.2 g) was crystallised several times from methanol to give a pure 
• sample of N,N-bis(canometjyl)-4-rnethoxj_2_nitro&niline (166b) as 
• yellow prisms (0.1 g), m.p. 630 (from light petroletim-benzene) 
V max 2220w (CN), 1540 and 1350 (NO 2 ) crn,C(CDC1 7 ) 2.44 (111, d, 
ortho 9.0 Hz, 11-6), 2.70-2.94 (211, m, ArH), 5.91 ( 1+H, s, CE2 ) and 
6.16 (311, a, O.CH3). 
Found: C, 53.7; H, 4.1; N, 22.9%: M 21+6 
C 11H10N403 requires: C, 53.7; H, 4.1; N, 22.8%: M 246. 
(e) oc. -(2-Nitroanilinopx'ooionitrile ( 1 65e) 
2-Nitroaniline (7.0 g, 0.05 mol) was stirred with acetaldehyde 
(6.6 g, 8.3 ml, 0.15 mol), sodium cyanide (7.35 g, 0.15 mol) and 
anhydrous zinc chloride (52.5 g, 0.375 mol) in acetic acid (125 Dli) for 6 h. 
The reaction mixture was worked up as described in experiment 
5.2(a). The yellow solid was collected and combined with a second 
crop which separated from the filtrate on standing to give 
o-(2-.nitroanilino)p_ropionitri1e (165e) as yellow plates (7.8 g) 
(80%), m.p. 840  (from ethanol)))) max 3370 (NH), 2280w (cN), 
1530 and 1360 (NO 2) cm 1 1 t (ODd 3) 1.78 (IH, q, J ortho  9.0 Hz, 
J meta2.0 
 Hz, ArH), 2.0-2.24 OH, broad, NH), 2.30-2.52 (1H, in, ArH), 
2.96-3.2+ (2H, m, ArH), 5.54 (1H, quintet, J 8.0 Hz, CH) and 
8.18 (31i, d, J 7.0 Iz, CII)). 
Found: C, 56.4; H, 4.8; N, 22.0% 
C9H9N302 requires: C, 56.5; H, 4.7; N, 22.0% 
(f) o -(2-Nitroanilino)phenylacetonitrile ( 1 65f) 
2-Nitroaniline (7.0 g, 0.05 mol) was stirred with redistilled 
benzaldehyde (15.3 ml, 0.15 mol), sodium cyanide (7.35 g, 0.15 inol) 
and anhydrous zinc cloride (52.5 g, 0.375 mol) in glacial acetic 
acid (125 ml) for 6 h. 
The reaction mixture was worked up as described in experiment 
5.2(a) to give -(2-nitroanilino)phenylacetonitrile ( 1 65f) as 
yellow prisms (12.0 g) (94%), m.p. 126 0 (from ethanol), V max 
34OO (NH), 1520 and 1360 (NO 2) cm- I 	(ODd13) 1.66-1.86 (2H, in, 
ArH and NH), 2.28-3.26 (8H, m, ArH) and 4.41 (1H, d, CHNH  7.0 Hz, 
CIO . 
Found: C, 66.8; H, 4.4; N, 16.8% 
C1kHI1N3O2 requires: C, 66,4; H, 494; N, 16.6%. 
5.3 The Synthesis of N-Substituted-2-nitroanilinoacetonitriles  
(a) N-Methyl-2-nitroanilinoacetOnitrile (168a) 
(i) N-Methyl-2-nitroaniline ( 1 67a) (1.52 g, 0.01 mol),paraformaldehyde 
(0.9 g, 0.03 mo].), sodium cyanide (1.47 g, 0.03 mol) and anhydrous 
zinc chloride sticks (10.5 g, 0.075 mol) were stirred in glacial 
acetic acid (25 ml) at 50° for 6 h. Dilution with water (35 nil) and 
extraction with chloroform gave an orange gum (1.67 g) which was 
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shown by t.l.c. (benzene) to contain two components and was 
chromatographed on alumina. 
Elution with light petroleum gave N-methyl-2-nitroaniling ( 1 67a) 
(0.03 g) (256), rn.p. 360 (lit. 370 ), identical (i.r. spectrum) with 
an authentic sample. Elution with light petroleum-toluene (2:1) gave 
N-methyl-2-nitroaniiJnoacetonitrile_(18a) as a pale yellow oil 
0.04 g) (54%), V max (liquid film) 2325 w (CN), 15 110 and 1370 
(NO...) crn, '1 (CDC13) 2.12-2.85 OH, m1 ArH), 5.92 (2H, s, CH2) and 
7.07 (311, s , N.CH3), Ff 191 (N 191). 
(ii) Reaction (i) was repeated using a reaction time of I h./ork up 
of the mixture as described above gave N-methyl-2-nitroanilino-
acetonitrile (168a) s a yellow gum (99%) which was identical 
(i.r. spectrum) with the sample obtained in Ci) above and did not 
require purification by chromatography. 
(b) N-Phenyl-.2-nitroanilinoacetonitrile(168b) 
2-Nitrodiphenylarnine ( 1 67b) reacted with paraformaidehyde, 
sodium cyanide and anhydrous zinc chloride in glacial acetic acid as 
described in experiment 5.3(a)(3.) above to give a red gum (2.84 g) 
which was shown by t.l.c, (benzene) to be a three component mixture 
and was chromatoraphed on alumina. 
Elution with light petroleum-toluene gave phenazine ( 169) 
(0.01 g), rn.p. and mixed m.p. 176
0 
 (from ethanol) (lit. 177 C  ) 
identical (i,r. spectrum) with an authentic sample. Further elution 
with light petroleum-toluene (3:1) gave 
acetonitrile (168b) as a red oil (1.36 g) (54%), v max (liquid film) 
1540 and 1360 (No 2) cm- 1 , t(ctc13) 2.00-3.4O (9H, ci, ArH), 5.45  (211, 
a, c11 2 ), N 253 (M253). - - 
Elution with toluene gave an unidentified orange solid (1.0 g) 
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(38%), mop. 1470 (orange plates from ethanol-glacial acetic acid), 
max 1530 and 1350 (NO 2) cm,'C(CDCl3) 2.023.44 (21 units 1 m, 
ArH),5, 1+6 (k units, s, CH2) and 6.18 (2 units, a, 
Found: C, 67.2; H, 4.3; N, 16.8%: N 518 
C29H22N6Ok requires: C, 67.2; H, 4.3; N, 16.: M 518. 
N-Benzyl-2-nilroenilinoacetonitr le (168c) 
N-Benzyl-2-nitroaniline (167c) reacted with paraformaldehyde, 
sodium cyanide and anhydrous zinc chloride in glacial acetic acid 
as described in experiment 5.3(a)(i) above to give a yellow oil 
(2.85 g) which was chromatographed on alumina. Elution with light 
petroleum gave benzyl acetate (0.21 g) identical (i.r. and 
1}I n,m.r. spectra) ith an authentic sample. Further elution with 
light petroleum gave N-benzyl-.2-nitroaniline (167c) (0.02 g) (1%), 
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M.P. 740 (lit. 	74 0 ) identical (i.r. spectrum) with an authentic 
sample. 
Elution with light petroleum-toluene (4: 1) gave N-byl-2-
nitroanilinoacetonitrile (168c) as yellow plates (1.75 g) (66%), 
mop* 600  (from light petroleum-benzene), V max 2300 w (cN), 
1540 and 1360 (NO 2 ) cm 1 ,t (CDC13) 2.16-2.80 (9H, m, ArE), 5.70 (2H, 
a, CE2) and 6.08 (2H, a, CH 2 ). 
Found: C, 67.5; H, 4L9; N, 15.5%: M 267 
C 1 H13N3O2 requires: C, 67.1+; H, 4.9; N, 15.7%: M 267 
Elution with toluene gave 2-nitroanilinoacetonitrile ( 1 65a) 
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(0.43 g) (24%), mop. 11+00 (lit. 	11+0.50 ) identical (i.r. spectrum) 
with an authentic sample.. 
N-Benzyl-5-methyl-2--nitroanilinoacetonit rile (168d) 
N-Bénzyl-'.5-methyl-2-nitroaniline (167d), paraformaldehyde, 
sodium cyanide and anhydrous zinc chloride were stirred in glacial 
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acetic acid as described in experiment 5.3(a)(i) above. After 20 mm, 
the t.l.c. (benzene) of the reaction mixture indicated complete 
consumption of the starting amine. The reaction mixture was diluted 
with water (35 ml) and extracted with chloroform to give a yellow 
gum (2.8 g) which was shown by t.l.c. (benzene) to be a two component 
mixture and was chrmatographed on alumina. 
Elution with light petroleum-toluene (3:1) gave N-benzyl-5-methyl-
2-nitroanilinoacetonitrile (168d) as a yellow oil (2.6 g) (92%), 
V max (liquid film) .2230w (CN), 
1530 and 1350 (NO 2) cm,1(CDCl3) 
2.29 (IH, d, J 7.0 Hz, ArH), 2.50-3. 00 (711, m, ArH), 5.70 (211, s, Cl2), 
6.07 (211, s, CH 2) and 7.57 (3H, a, Cu3). 
Elution with toluene gave 5-rnethyl-2-nitroanilinoacetonitrile 
(16_Z) 	yellow plates (0.13 g) (7%), m.p. 1630 (from ethanol-glacial 
acetic acid), max 3360 w (NH), 1500 and 134<) (NO2) cin, -t (CF 3.0O211) 
1.80 (1H, d, Jortho  8.5 H51 
 11-3), 3.08-3.26 (211, m, ArH), .5.1+6 (2}i, s, 
Cu2) and 7.51 (311, s, CH 3). 
Found: C, 56.5; H, 1+.7; N, 21.7% 
C 
9 H 9 N 3 
 0 2 
 requires: C, 56.5; H, 1+.?; N, 22.01%. 
(e) N_Benzy1Lichloro-2-nitroani1inOaCetOflitrile (168e) 
N_Benzyl-4-chloro-2-n 4-trOanilifle (167e) reacted with 
paraformaldehyde, sodium cyanide and anhydrous zinc chloride in 
glacial acetic acid as described in experimeiit 5.3(a)(i). After 
30 mm, the t.l.c. (benzene) of the reaction mixture indicated that 
the starting material had all been consumed and the reaction mixture 
was worked up to give a yellow gum (2.5 g) which was chromatographed 
on alumina. 
Elution with light petroleum-toluene (+ : 1) gave benzyl acetate 
(0.01 g) identical (i.r. spectrum) with an authentic sample. 
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Elution with light petroleum-toluene (2:1) gave N-benzyl-4--chloro-
2-nitroanilinoacetonitrile (168e) as a yellow oil (2.53 g) (81+%), 
V 	(liquid film) 2300 w (ON), 151+0 and 1360 (NO 2) cm 1 , -t (ODd 3) 
2.21+-2.80 (8H, M.  ArH), 5.72 (211, 6 ; CH2) and 6.08 (211, a, CH2). 
Elution with toluene-ether (1:1) gave an intractable brown 
gum (0.3 g). 
(f) N-Benzyl-5-chloro-.2-nitroanilinoacetonitrile (168f) 
N-Benzyl-5-chloro-.2-nitroaniline (167f) reacted with 
paraformaldehyde, sodium cyanide and anhydrous zinc chloride in 
glacial acetic acid as described in experiment 5.3(a)(i) above. 
The yellow gummy solid (3.1+3  g) which was obtained was shown by 
t.l.c. (chloroform) to be a two component mixture and was 
chromatographed on alumina. 
Elution with light petroleum-toluene (k:i) gave an orange 
liquid (0.37 g), Vmax 31+00w (NH), 171+0 (co), 1505 and 1360 (NO 2) cm, 
which was shown by t,l.c. (benzene and chloroform) to be a mixture 
of benzyl acetate and the starting amine (167f). 
Elution with light petroleum-toluene (2:1) gave 	zl- 
5-chloro-2-nitroanilinoacetonitrile (168f) as yellow elongated 
prisms (1.38 g) (kk%), m.p. 780 (from light petroleum-benzene), 
V max 
1530 and 1360 (No 2) cm- 1 r (cDc13) 2.23 (111, d J ortho 8,5 
Hz, 11-3), 2.1+7 (111, d, J meta 
 2,0 Hz, H-C), 2.602.80 (611, m, ArH), 
5.69 (2H, a, CH2) and 6.06 (211, s, 0112). 
Found: C, 59.3; H, 3.9; N, 1Y% 
C 1511 12C1N302 requires: C, 59.7; H, 4.0; N, 13.9%. 
Elution with toluene gave 5-chloro-2-nitroanilinoacet onitrile 
(165h) as yellow prisms (0.29 g) (ik%), m.p. 1820 (from ethanol-
glacial acetic acid), Vmax 3 1+00 w (NH), 1505 and 1360 (NO 2) cm, 
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1 (CF 3.CO2H) 1.73 (IR, d, J ortho  9.0 Hz, H-5), 2.92 OH, d, Jmeta 
2.0 Hz, H-8), 3.05 (1H, dd, J ortho 	meta 9.0 Hz, J 	2.0 Hz, H-4) and 
.46 (211, a, CR2). 
Found: C. 45.1; H, 2.8; N, 19.9% 
C8H6C1N302 requires: C, 1+5.4 ; H, 2,8; N, 19.9%. 
Elution with methanol gave 5-chloro-2-nitroanilinoacetamide (171) 
as yellow prisms (0.1 g) (460, m.p. 2150 (from ethanol-glacial acetic 
acid), V 31+25 and 3175 (NH), 1680 (co), 1505 and 1370 (NO2) cm- max  
'(cF30co2H) 1.76 (IH, d, J ortho 9.0 Hz, 11-3), 2.0-2.40 (2H, broad 
singlet, NH 2), 3.04-3.20 (211, m, ArH) and 5.61 (211, a, CH 2 ) 
Found: C, 42.5; H, 3.5; N, 18.0%: M 229 (231 ) 
C8H8C1N303 requires: C, 1+1.8; H, 3.5; N, 18.3%: M 229.5 
(g) N-Benzyl-6-chloro-2-nitroanilinoacetonitrile (ig) 
N-Benzyl-6-chloro-2-nitroan 4-line reacted with paraformaldehye, 
sodium cyanide and anhydrous zinc chloride in glacial acetic acid as 
described in experiment 5.3(a)(i). After 30 mm, the t,i.c. (benzene) 
of the reaction mixture indicated complete consumption of the starting 
amine. The reaction mixture was worked up to give an orange gum (3.0 g) 
which was chroniatographed on alumina. 
Elution with light petroleum-toluene (2:1) gave N-benzy1--6-chloro-
2-nitroanilinoacetonitrile (168g) as a yellow oil (2.87 g) (95%), 
V max (liquid film) 2220 w (CN), 1530 and 1360 (NO 2) cm', C(CDC13 ) 
2.30-2.86 (811, rn, ArH), 5.66 (211, a, Cr12 ) and 5.98 (211, a, cr12 ). 
Elution with methanol gave an unidentified intractable brown 
gum (0.09 g). 
171+ 
The Attempted Synthesis of Phenazine 
2-Nitrodiphenylamine (167b) (2.14 g, 0.01 mol) and anhydrous 
zinc chloride sticks (10.5 g, 0.075 mol) were stirred in glacial 
acetic acid (25 ml) at 500  for 6 h. The reaction mixture was 
diluted with water (35 ml) and the orange solid was collected and 
washed with water to yield the starting amine (Th?b) (2.05 g) (96%), 
identical (i.r. spectrum) with an authentic sample. 
5.1+ The Attempted Synthesis of ° ,N-Disubstituted-2-nitroanilino-
acetonitriles 
(a) o( 	 rile (172c) 
N-Benzyl-2-nitroaniline ( 1 67c) (2.28 g, 0.01 mol), sodium cyanide 
(1.5 g, 0.03 ol), redistilled benzaldehyde (3.0 ml, 0.03 mol) and 
anhydrous zinc chloride (10.5 g, 0.075 mol) were stirred in glacial 
acetic acid (25 ml) at 50 for 6 h. The mixture was diluted with 
water (35 ml) and stirred in an ice bath for 0.5 h. The orange 
crystalline solid was collected to afford the starting amine ( 1 67c) 
(1.91+ g) (85%), m.p. 7110 (lit. 
61+
71+0), identical (i.r. soectruin) with 
an authentic sample. 
The experiment (i) was repeated using the same quantities but 
with stirring at 100 ° for 6 h. The reaction mixture was diluted with 
water (35 ml) and extracted with chloroform to give a brawn gum 
(5.3 g) which was shown by t.l.c. (chloroform) to be a multicomponent 
mixture and was chromatographed on alumina. 
Elution with light petroleum gave an unidentified brown gum 
(0.26 g) which smelled of benzaldehyde. Further elution with light 
petroleum gave a mixture (t.l.c. in benzthe) of benzyl acetate and 
14-benzyl-2-nitroaniline ( 1 67c) (0.3 g). Further elution with light 
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petroleum gave N-benzyl-2-nitroaniline ( 1 67c) (o.k g) (18%), 
m.p. 74 (lit. 
64
74 ), identical (i.r. spectrum) with an authentic 
sample. 
Elution with increasingly more polar solvents gave small 
amounts of unidentified brown gums (total 1.31 g). 
O-(N-Methy1--nitroanilino)phenylacetonitrile (172a) 
N-Methyl-2--nitroaniline (167a) (1.64 g, 0.01 mol), sodium 
cyanide (1.5 g, 0.03 g), anhydrous zinc chloride (10.5 g, 0.075 mol) 
and redistilled benzaldehyde (3.0 ml, 0.03 mol) were stirred in 
glacial acetic acid (25 ml) at 500  for 6-h. The reaction mixture 
was diluted with water (35 ml) to yield an orange crystalline solid 
which was collected and washed with water to yield N-methyl-2-
nitroaniline (167a) (0.7 g) (43%), m.p. 360 (lit. 370),  identical 
(i.r. spectrum) with an authentic sample. 
The mother liquors were neutralised by the addition of solid 
sodium hydrogen carbonate and extracted with chloroform to give a 
red gum (+.2 g) which on trituration with light petroleum gave a 
further crop of the N-methyl-2-nitroaniline ( 1 67a) (0.80 g) (49%), 
identical (i.r. spectrum) with the first crop. 
o(-.(N-Phenyl.2-nitroanilino)propionitrile (172b) 
2-Nitrodiphenylamine (167b) (5.35 g, 0.025 mol), sodium cyanide 
(3.7 g, 0.075 mol), anhydrous zinc chloride (26.3 g, 0.19 mri) and 
acetaldehyde (4.2 ml, 0.075 mol) were stirred in glacial acetic acid 
(60 ml) at 500  for 6 h. The mixture was diluted with water (80 ml) 
and extracted with chloroform. The extract was washed with saturated 
aqueous sodium hydrogen carbonate and evaporated to give a red 
gum (6.1 g) which was shown by t.l.c. (chloroform; benzene; ether) 
to be a mixture of the starting material and acetaidehyde. 
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5.5 The Synthesis of 2-Cyano-1-hydroxybenzimidazoles 
(1) 2-Cyano-1-hdroxybenzimidazole (178a) 
2-Nitroanilinoacetonitrile (165a) (7.85 g, 0.05 mol) was heated 
under reflux in methanol (50 ml) and a solution of sodium carbonate 
(2.65 g, 0.025 mol) in water (30 ml) was added dropwise with stirring 
over 15 Nin. The reaction mixture was heated under reflux with 
stirring for 1.5 h, cooled in an ice bath and acidified with concentrated 
hydrochloric acid. The yellow precipitate was collected, washed with 
water and dried to yield 2-cyano-1-hydroxybenzimidazole (178a) (6.2 g) 
(78%), m.p. 2340, 
t)max 
 2700-2200 br (OH) and 2260w (CN) CM-1 . 
The conditions described in this experiment were used in the 
following experiments 5.5(ii)-(iv). 
The N-hydroxybenzimidazole (178a) (0.5 g, 0.003 mol) was 
reduced with sodium dithionite (2 x 0.5 g) in 70% v/v aqueous ethanol 
/ (ioo ml) to 2-cyanobenzimidazole (0.3 g) (70%), m.p. 285 0  (from 
glacial acetic acid) (it. 6 2860), max  3100-2600 br (NH) and 
2230 w (CN) cm , M 11+3. 
(ii) 6Chloro-2-c-1-hydroxybenzimidazole (178b) 
1+-Chloro-2-nitroanilinoacetonitrile (165b) (2.11 g, 0.01 mol) 
gave 6-chloro-2çyano-1-hydroxybenzimidazole (178b) as cream 
coloured prisms (1.1+0 g) (73%), m.p. 21+20 (from glacial acetic acid), 
max 2700-230C br (OH) and 23C0 w (CN) cm, t (CF 3.CO2H) 1.98 (1H, 
a, ArH) and 2.15 (211, m, ArH). 
Found: C, 1+9.6; H, 2.1; N, 21.5% 
C8H1+C1N30 requires: C, 1+9.6; H 2 	 %. I 1. 	N • 1 I 21.7 
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yano-1-hydroxy-6-methoxybenzimidazo1e (178c) 
4-I4ethoxy-2-nitroanilinoacetonitrile (165d) (0.1+1 g, 0.002 mol) 
gave 2-.cyano-1-hydroxy-6-methoxybenzimidazole (178c) as cream coloured 
prisms (0.35 g) (93%), m.p. 265 0 (from glacial acetic acid)1V max 
2700-2300 br (OH) and 2220 w (CN) cm, t (CF 3.CO2H) 2.21 OH, d, 
ortho 9,0 Hz, H-Lf), 2.1+6 (IH, dd, ortho 9.0 Hz, 
meta  2.5 Hz, 1-1-5), 
2.66 OH, d, J meta  2.5 Hz, H-i). 
- 	Found: C, 57.2; H,  3.5; N, 22.6%: M 189 
C9H7N302 requires: C, 57.1; H, 3.7; N, 22.2%: M 1 89. 
2-Cyano - 1 - y4roxy-5-methylbenzimidazole (178d) 
5_-Methyl-.2-nitroanilinoacetonitrile (165g) (1.91 g, 0.001 mol) 
gave 2-cyano- 1 - h4'oy-5-methylbenzimidazole (178d) as cream 
prisms (1.7 g) (98%), m.p. 21+5 0 (from g1acil acetic acid), v max 
31+00-21+00 br (OH) and 2230 w (CN) cm- 1 , 	(CF3.CC2H) 2.O1+-2.38 (311, 
m, ArH) and 7.37 (311, a, CH3). 
Found: C,'62.1+; H, 1+.2; N, 21+.0% 
C9117N30 requires: C, 62.1+; H, 1+.1; N, 24.3%. 
The Cyclisation of c' -(2-Nitroani1ino)Dhey1acetOnitrile (165f) 
-(2-Nitroilino)2henytcetonitri1e (165f) (2.53 g, 0.01 mol) 
was heated under reflux in aqueous methanolic sodium carbonate 
solution as described in experiment 5.5(i). The reaction mixture was 
cooled, diluted with water (1 11 ml) and extracted with chloroform to 
give a brown gum (1.8 g) which was chromatographed on alumina. 
Elution with light petroleum-toluene (3:1) gave an unidentified 
yellow solid (0.1+1+ g) (17%), m.p. 84 0 (from light petroleum), v max 
1680-166o, 1530 (NO 2), and 1360 (NO 2) (CDC13) 2.02 (111, dd, 
ortho 8.0 Hz, Jmeta  2.0 Hz, ArH), 
2,50-3.10 (711, m, ArH), 3.33 (1H, 
dd, J 	8.0 Hz, J 	2.0 Hz, ArH) and 6.01 (3H, s, 0.011 or NOCH ). ortho 	meta 	 3 	3 
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Found:- C, 66.2; H, 4.7; N, 11.1%: N 256 
CIkH12N2O3 requires: C, 65.6; H, 4.7; N, 10.9%: M 256. 
Further elution with light petroleum-toluene (3:1) gave 
2-nitoaniline (0.17 g) (ia), map. 700  (lit. 72 0 ) identical 
(i.r. spectrum) with an authentic sample. 
Elution with ether gave an unidentified gummy solid (0.21 g) and 
elution with chloroform gave an intractable brown gum (O.ti g). 
The aqueous-mother liquors were acidified with concentrated 
hydrochloric acid and the cream precipitate was collected, washed 
with water and dried to give ydroxy-2pylbenzimidazole(136) 
(0.43 g) (2), m.p. 215 ° 4it. 5 220°), identical (i.r. spectrum) 
with an authentic sample. 
The Attempted Cyclisation of '-(2-NitYoaniin9pionitrile 
-(2-Nitroani1ino)p2ionitrile (165e) (3.82 g, 0.02 mol) was 
heated under reflux in aqueous methanolic sodium carbonate solution 
as described in experiment 5.5(i) to give a brown gum (2.81 ) which 
was chrornatographed on alumina. 
Elution with light petroleum, toluene, ether, chloroform and 
methanol gave brown intractable gums (total 1.6 g), none of which 
could be identified. 
Acidification of the aqueous mother liquors with concentrated 
hydrochloric acid and extraction with chloroform gave no further 
material. 
5.6 The Synthesis of N-Substituted-.1-hydroxybenzimidazoliri-2-ones 
(a) jydroxy-3-methylbenzimidazolin-2-one (181a) 
N-methyl.-2-nitroanilinoacetonitrile (168a) (19.1 g; 0.1 mol) was 
heated under ref lux in methanol (ioo ml) and a solution of sodium 
carbonate (5,3 g, 0.05 mol) in water (Go ml) was added dropwise with 
stirring over 15 mm. The dark solution obtained was heated under 
reflux with stirring for 1.5 h, cooled and evaporated under reduced 
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pressure. The residue was extracted into chloroform (A) and the 
extract was washed with water (2 x 20 ml) and evaporated to give a 
brown gum (4.1 g) which was shown by t.l.. (chloroform) to be a 
multicomponent mixture and was chromatographed on alumina. 
Elution with light petroleum gave N-methyl-2-nitroaniline (i 61j 
(0.53 g) (4%), m.p. 
350  (lit. 370), identical (i.r. spectrum) with an 
authentic sample. 
Elution with light petroleum-toluene (3:1) gave an unidentified 
intractable brown gum (0.39 g). Further elution with light petroleum... 
toluene (3:1) gave N-meyl-2-nitroani lino ace tonitrile (168a,) (0.19 g) 
(i%), identical (i.r. spectrum) with an authentic sample. 
Elution with toluene followed by ether and chloroform gave 
several unidentified brown gums (total 0.5 g). 
Further e lution with chloroform gave (N-inethyl-2-nitroanilinoj-
acetamidJ 1 7j as orange prisms (i .0 g) (5%), m.p. 87 ° (from benzene), 
Vmax 35003300 br 	and 1680-1670 (co) cm, t(cF3 0c02H) 
1.49 (1H, d, .7 7.5 Hz, ArH), 1.86-2.22 (3H, m, ArH), 2.4.7 (1H, broad, 
NH), 2.65 (1H, broad, NH), 5.08 (2H, a, CR2 ) and 632 (3H, s ,  , N.CH3 ). 
Found: C, 51.6; H, 5,3; N, 20.0?: N 209 
C19H11 N303 requires: C, 51.7; H, 5.3; N, 20.1%: M 209 
Further elution with chloroform gave 1-mothylbenzimidazole...2-. 
carboxamide-oxide (182) as colourless prisms (0.3 g) (2%),  mop. 
si ° ( lit017 251 0 ) (from ethanol-glacial acetic acid), V max 
3250-3150 br (NH 2) and 1690 (co) cm, T (CF3 0002H) 1 .8.0+-2.24 (4.11, 
m, ArH) and 5.60 (3H, a, N.CH3). 
Found: C, 56.4; H, 4.7; N, 22.2%: M 4 191 
Calculated for C9H9N302 : C, 56.5; H, 4.7; N, 22.: N 191 
The aqueous phase was acidified with 51M aqueous hydrochloric 
acid and extracted with chloroform to afford 1-hydroxy-3-methy-
benzimidazolin.-2.one (181aj as colourless prisms (11.0 g) (67%), 
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m.p. 202° (lit. 17  207° ) (from ethanol), 	3200-2600 br (OH) MA 
and 1700-1600 br (co), 1 (CF 3.cO2H) 2.51,-2.86 (ifH, m, ArH) and 6.40 
(3H, a, N.CH3). 
Found: 'C, 58.2; H, 4..9; N, 17.0%: N 164. 
Calculated for C8H8N202 : C, 58.5: B, 4.9: N, 17.1%: I'i 164. 
The hydroxybenzmidazolinones (181a-e) gave dark green colours 
with ferric chloride in ethanol, 43 
The conditions described in this experiment were used in 
experiments 5.6(b)-(e). 
(b) 1 -Hydroxy-.3-phenylbenzimidazolin-2-one (181b) 
Cyclisation of N-phenyl.-2-nitroanilinoacetonitrile (68b) (0.1 inol) 
gave 1-hydr2xy-3--phen].benzimidazolin-2-Orie (181b) as colourless 
plates (15 g) (66%), m.p. 216° (from ethanol), V 	 3400-2600 brmax 
(OH) and 1705-1680 br (co) ca,t(CF3.CO2H) 2.26-2,96 (m, ArH), 
Found: C, 69.5; H, 4..9; N, 12.5%: M 226 
C 1 .H10N202 requires: C, 69.0; H, 4..5; N, 12.4%: N 226. 
Chloroform (A) gave a brown gum (..i g) which was shown by 
t.l.c, (chloroform) to be a multicomponent mixture. 
(a) 3-Benzyl-1 -hydrybenzimidazolin-2-one fi 81 c) 
Cyclisation of N-benzyl-2-nitroanilinoacetonitrile (168) (o,i mol) 
gave 3-benzyl-i-hydroxybenzimida7olin-2-one (181c) as colourless needles 
g) (60?), m.p. 172 0 (from eth.nol), Vax  3300-2700 br (OH) and 
1700-1680 br (co) cm,(CF3 .co2H) 2.4.2-2.88 (9H, in, ArH) and 
4.76 (2H, a, CH 2 )9 
Found: C, 69.7; H, 5.0; N, 11.7%: M 24.0 
C 14.H 1 0202 requires: C, 70.0; 	H, 5.0; 	N, 11.7%: 	N 240. 
Chloroform (A) gave a brown gum (8.0 g) which was shown by 
t.1.c. (chloroform) to be a multicomponent mixture. 
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Cd) 	.Benzyl-1-hydroxy-5-methy1ben7. 4-midazo1in-2-one (181d) 
Cyclisation of N-benzyl-5-methyl-2-nitroanulinoacetonitrile 
(168a) (i.ko g, 0.005 mol)' gave 3-benzyl-1-hyc1roxy-5-methy 
benzimidazolin-2-one (181d) as cream coloured prisms ( 0.5 1  g) (I+0%), 
m.p. 171 0 (from ethanol), 1) max 3200-2600 br (OH) and 1700-1660 br 
(co) cm, T(CF3 .C'. 2h) 2.60-3.06 (8H, m, ArH), 1+•79  (2H, a, CH 2 )
and 7.63 (3H, a, CE3). 
Found: C, 71.2; H, 5.6; N, 11.1%, 
CISHIkN2O2 requires: C, 70.9; H, 5.6; N, 11.0%. 
The chloroform extract (A) was washed with saturated aqueous 
sodium carbonate, and evaporated to give a brown gum (0.55 g) which 
was shown by t.l.c. (chloroform) to be a rnulticomponent mixture. 
The aqueous sodium carbonate washings were acidified with 5N 
aqueous hydrochloric acid and extracted with chloroform to give a 
further crop of the N-hydroxybenzimidazolin-2-one (181d) (0.12 g) 
(10%), m.p. 1680 , identical (i.r. spectrum) with the first crop. 
(e) 3-Benyl-6-chloro-..hydroxybenzimidazolin-2-one (181e) 
Cyclisation of N_benzy1_4chloro_2_nitroanulinoacetonitrile 
(168e) (30.1 g, 0.1 mol) gave 
2-one (181e) as colourless rectangular prisms (12.0 g) (%), M.D. 
181 0 (from ethanol), V max" 2700_2500 br (OH) and 1710-1680 br (co) 
cm 1 , 1 (CF 3.CO2H) 2.60-2.06 (811, m, Aril) and 4.81 (2H, a, CE2 )
9 
 
Found: C, 61.1; II, 1+.1; N, 10.0% 
C 1 H 11ClN2O2 requires: C, 61.2; H, 1+.0 	N, 10.2%. 
The chloroform extract (A) was washed with saturated aqueous 
sodium carbonate and evaporated to give a brown gum (13.8 g) which 
was shown by t.l.c. (chloroform) to be a multicomponent mixture. 
The aqueous sodium carbonate washings were acidified with 5M 
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aqueous hydrochloric acid and extracted with chloroform to give a 
further crop of the N-hydroxybenzimidazolin-2-one (181e) (1.5 g) 
(5%), m.p. 1800, identical (i.r. spectrum) with the first crop. 
The Attempted Cyclisation of N-Benzy1-5-chloro-2-nitroanilino-
acetonitrile (168f) 
The cyano cornpund (168f) (3.01 gg  0.01 mol) was heated under 
reflux in methanol (10 ml) and a solution of sodium carbonate (0.53 g, 
0.005 mol) in water (6.0 ml) was added dropwise with stirring over a 
period of 15 mm. The reaction mixture was heated under reflux with 
stirring for 1.5 h, allowed to cool and evaporated under reduced 
pressure. 
The residue was treated with water and extracted with chloroform 
to give a brown gum (1.5 g) which was shown by t.l.c. (chloroform) 
to be a multicomponent mixture and gave no solid material on 
trituration with organic solvents. 
The aqueous phase was acidified with concentrated hydrochloric 
acid and extracted with chloroform to give a dark brown gummy solid 
(0.23 g) which could not be crystallised. 
5.7 The Synthesis of 2-Ni.troanilinoacetamide Derivatives 
(a) 2-Nitroanilinoacetamide (175) 
2-Nitroanilinoacetonitrile (165a) (4.0 g, 0.022 mol) wks stirred 
at 80° in polyphosphoric acid (16 g) for 1.5 h. Ice cold water 
(50 ml) was added and the mixture was stirred for 0.5 h. The orange 
solid obtained was collected, washed with water (20 ml) and dried to 
give 2-nitrcanilinoacetamide (175) as orange microcrystalline prisms 
(3.6 g) (84%), znp. 181 0 (from glacial acetic acid) V max  3500-3200 
(NH 2),  1710(C0), 1530 and 1360 (NO2) cm,T(CF30002H) 1.561.71+ 
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(IH, m, ArH), 2.00-2.+0 (2H, m, ArH and NH), 2.74_3.00 (2H, m, ArH) 
and 5.51 (21.1, s, CH2). 
Found: C, 1+9.2; H, 1+.9;  N, 21.0% 
C8H9N303 requires: C, +9.2; H, 4.7; N, 21.5%. 
.Chloro-2-nitroanilinoacetamide (171) 
5-Chloro-2-nitroanilinoacetonitri.e (165h) (0.14 g, 0.002 znol) 
was stirred at 800  in polyphosphoric acid (2.0 g) for 31i. Water 
(10 ml) was added and on scratching, a yellow solid was cbtained 
which was collected and washed with water to give 5-ch1oro-2-nitro-
anilinoacetamide (171) as yellow prisms (0.37 g) (81%), m.p. 215° 
(from ethanol-glacial acetic acid) identical (i.r. spectrum) with a 
sample obtained prevously. 
(N-Methyl-2-nitroanilino)acetamide (176) 
N1-le - hr1_2nitroani1inoacetonitrile (168a) (14.31  g, 0.022 mol) 
was stirred at 80° in polyphosphóric acid (16 g) for 1.5 h. Water 
(100 ml) was added and the solution was neutralised by the addition 
of solid sodium hydrogen carbonate and extracted with chloroform to 
give N-methyl-2-nitroanilino)acetamide (176) (3.0 g) (6%), m.p. 860 
(from benzene), identical (.r. spectrum) with a sample obtained 
before. 
(a) (N-Benzl-2-nitroanilino)acetamide ( 1 77) 
N-Benzyl-2-nitroanilinoacetonitriie(1€3) (2.0 g, 0.0075 mol) 
was stirred at 800  in polyphosphoric acid (8.o g) for 3 h. Water 
(40 ml) was added and the reaction mixture was stirred giving a 
brown gum. The reaction mixture was extracted with chloroform and 
the extract was washed with saturated aqueous sodium hydrogen 
carbonate and evaporated to give a brown gum (2.01+ g) which was 
chromatographed on alumina. 
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Elution with toluene-ether (1:1) gave an unidentified gummy 
solid (0.47 g) which could not be crystallised from organic solvents. 
Elution with chloroform gave (N-benzyl-2-nitroanilino)acetamide 
(177) as orange prisms (0.48 g) (22%), m.p. 112 0 (from ethanol), 
Vmax 3450 and 3200 	1630 (co), 1530 and 1370 (NO 2) cm- 1 
T(CF3.CO2H) 1.84 OH, a, ArH), 1.20-2.04 (1OH, m, ArH and NH 2 
5.58 (aM, a, CH2) and 6.00 (2H, a, cH2 ). 
Found: C, 66.1; H, 5.4; N, 13.0%: M 285 
C15H15N303 requires: C, 63.2; H,  5.3; N, 14.7%: M 285. 
Further elution with chloroform gave 2-nitroanilinoacetamide (17) 
( 0.53 g) (36%), m.p. 181 0 (from ethanol-glacial acetic acid), identical 
(i.r. spectrum) with a sample obtained previously. 
Qyclisation of (N_M 	rl_2_nitroanii±no)aceamide (176) 
(N-Methyl-2-nitroanilino)acetamide (176) (2.09 g, 0.01 mol) was 
heated under reflux with stirring in methanol (10 ml) and a solution 
of sodium acetate (0.82 g, 0.01 mol) in water (6.0 ml) was added 
dropwise over 15 mm. The mixture was heated under reflux with 
stirring for 1.5 h, cooled, diluted with water (20 ml) and extracted 
with chloroform (A) to give the starting amide (176) (2.05 g) (98%), 
m.p. 860 (from ethanol), identical (i.r. spectrum) with a sample 
obtained before. 
Acidification of the aqueous mother liquors with 5M aqueous 
hydrochloric acid yielded no further material. 
Experiment (i) was repeated using sodium carbonate (0.53 g, 
0.005 mol) as the base. The chloroform extract (A) gave a brown gum 
(0.76 g) which on trituration with ether-methanol gave 1-meth 
benzimidazole-2-carboxamide 3-N-oxide (182) (0.32 g) (17%), m.p. 251 
(from ethanol-glacial acetic acid), identical (i.r. spectrum) with a 
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sample prepared before. The ether-methanol mother liquors were 
evaporated to give an unidentified brown gum (o.k g). 
Acidification of the aqueous sodium carbonate mother liquors 
with 5M aqueous hydrochloric acid and extraction with chloroform 
gave 1-methylbenzimidazole-2-carboxylic acid 3-N-oxide (184) as 
cream prisms (0.38 g) (20%), m.p. 2480 (from ethanol-glacial acetic 
acid) (lit. 1770'), 
	max 2700 br (OH) and 1700-1670 br (Co), 
t(CF 3.CO2H) 1.94-2.14 (111, m, Aril), 2.30-2.48 (311, m, ArH) and 
6.12 (311, a, N.CH3), M 192 (M 192). 
5.8 Benzimidazolin-2-ones 
The N-hydroxybenzimidazolin-2-ones (181) wer heated under 
reflux with an equal weight of sodium dithionite in the minimum 
quantity of 70% v/v aqueous ethanol (50-100 ml) for I h. Heating 
was interrupted, a further portion of sodium dithionite was added 
and heating under reflux was continued for a further I h. The 
reaction mixture was hot filtered and the filtrate vas cooled, 
evaporated, and the residue was washed with water. The solid was 
collected, washed with water and dried in vacuo to afford the 
benzimiclazolin-2-ones (188). 
1 -Hydroxy-3-methylbenzimidazolin -2-one (181a) (0.33 g, 0.002 niol) 
gave 	iethylbenzimidazo1in-2-one (188a) (0.13 g) (kk%), m.p. 195° 
(lit. 70 1970), Vmax 
 3200-2800 br(OH, NH) and 1705 (CO) cm, 
t (CF 3.COH) 2.46_2.80 OH, m, ArH) and 6.36 (311, a, N.CH 3). 
1-Hydrox3phenylbenzimidazolin-2-one (181b) (0.25 g, 0.0011 mol) 
gave 3-phenylbenzimidazolin-2-one (188b) (0.16 g) (690%), m.p. 2040 
(lit. 72 20110), V max  3200-2700 br (OH, NH) and 1705-1690 br (CO) cn 1 , 
'11 (CF 3.CO2H) 2.30-3.10 (m, ArH). 
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The product was identical (i.r. spectrum and m.p.) with an 
authentic simple prepared by the method of Rosnati 
72
, by cyclisation 
of diphenylurea using sodium hypochiorite. 
3-Benzyl-1-hydroxybenzimidazolin-2-one (181c) (0.5 g, 0.002 mol) 
gave 3-benzylbenzimidazolin-2-one (188c) (0.21 g) (47,06), m.p. 195 0 
(from ethanol) (lit. 	1960), ) 	3300-2800 br (OH, NH) andmax 
1710-1680 br (CO) cm- 
1 
 , 	(CF3.Co2H) 2.46-2.8 (911, m, ArH) and 
4.73 (2H, a, CH 2). 
3-Benzyl-5-methyl-1-hydroxybenziniidazolin-2-one (181d) (0.38 g, 
0.0015 mol) gave 3benzyl-5-rnetylbenzimidazolin-2-one (188d) as 
colourless prisms (0.23 g) (65%), m.p. 251 0 (from ethanol-glacial 
acetic acid), )) 	3300-2700 br (OH, NH) and 1700-1690 (co) cm- 1max 
T (CF 3 .0O211) 2.60-3.00 (811, ni, ArH), 4.76 (211, a, CH 2 ) and 7.61 
(311, a, CH3). 
Found: C, 75.2; H, 6.0; N, 11.4% 
C 15H 1 N2O requires: C, 756; H, 5.9; H, 11.8%. 
3-Benzyl-6-chloro-i-hydroxybenzimidazolin.-2-one (181e) (0.5 g, 
0.0018 mol) gave 3-benzy1-6-chlorobenzimidazolin-2-one (188e) (0.3 g) 
(65%), m.p. 1750 (from ethanol) (lit. 
73 
 1760), Vma,c  3400 br (OH, NH) 
and 1710-1700 (CO) cm- 
1 
 . 
5 , 9 Reactions of 1ydroçybenzimidazolin-2-ones 
(a) Reactions of 1-Hydroxybenzimidazolin-2-ones (181) with Acetic 
Anhydride under Mild Conditions 
A suspension of the benzitnidazolinone (181) (0.006 mol) was 
stirred at room temperature in acetic anhydride (0.9 ml, 0.009 mol) 
for 22 h. Water (3.0 ml) was added and the mixture was stirred at 
room temperature for 1 - 2 h. The colourless solid was collected by 
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filtration (A), washed with water and dried in vacuo. 
In the -cases (B) where no solid was obtained after stirring for 
2 h with water, the reaction mixture was extracted with ether. The 
extract was washed with saturated aqueous scdium hydrogen carbonate 
solution, and evaporated to yield the product. 
The quantitie3 described above w.re used in experieznents 
5.9(a)(i) -(iv)e 
1_Acetoxy-3-methylbenzimidazolin-2-Ofle (190a) was prepared from 
1Hydroxy3-met}benzimidazOlin-2-Ofle (181a) as colourless prisms 
(1.21 g) (98%), m.p. 1200  (from benzene), )) max 1790 (cyclic N.OAc) 
and 1720 (co) cm, t (CDC13) 2.68-3. 1 k (4H, m, ArH), 6.60 (3H, c, 
N.CH3) and 7.62.(3H ,  s, N.OAc). 
Found: C, 58.1; H, 4.9; N, 13.6%: M 206 
C 10H 10N203 requires: C, 58.2; H, .9; N, 13.666 : M 206. 
2x--benzy1benzimidazolin-2-one (190b) was prepared from 
~-Benz ,yl-l-hydr -oxybenzimidazoli-n-2-one (181c)  as colourless prisms 
(94%), mop. 1060 (from benzene), ' '1 max 
1805 (cyclicN.OAc) and 
1730.17 1 0 (co) cm- 
1
, t(CI)Ci 3) 260-3.20 (9H,  m, ZrH), 4.94 (211, s, 
Cl2) and 7.62 (311, s, N.OAc). 
Found: C, 68.1; H, 5.0; N, 9.9%: M 282 
C 16H 11 N203 requires: C, 68.0; H, 5.0; N, 9.7%: M 282. 
3_Benzyl_1_jydroxy-5-methylbenzimidaz3lifl20fle (181 	gave a 
gummy solid which was extracted into ether (B) to give 1acetoxy-3- 
(190c) as colourless prisms 
(86%), m.p, 1350 (from benzene), V max 1810 (cyclic N.OAc) and 
1750-1690 br (co) cm. 
Found: C, 69.0; H, 5.5; N, 9.3% 
C 17H16N803 requires: C, 68.9; H, 5.4; N, 9)49ro. 
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1 -Hydroxy-3-2henylbenzimidazolin -2-one (181b) gave a clear gum 
which on trituration with water (3.0 ml) failed to produce any solid 
material and on standing became dark brown and intractable. 
(b) Reactions of 1-Hydroxbenzimidazolin-2-ones with Hot Acetic 
Anhydride 
enzy1-1-hydroxybenzimidazolin-2-one (181c) (0.2 1+ g, 0.001 mol) 
was treated with the minimum quantity of acetic anhydride (0.6 ml, 
0.006 mol) and the mixture was heated at 1000  in a boiling water 
bath. The mixture became dark green and after ca. 1 min an 
exothermic reaction took place causing the acetic anhydride to boil. 
The dark brown solution was heated at 100 for 10 mm, allowed to 
stand at room temperature for 20 min and evaporated. The residue 
was triturated with ether to give 5-acetox-3-benzjnzimidazolin 
2_one (196b) (0.12 g) (1+1%), m.p. 207 0 (from ethanol), identical 
(i.r. spectrum) with a sample obtained previously. 
The ether mother liquors were evaporated to give a brown 
intractable gum (0.1 g). The conditions and quantities described in 
this experiment were used in experiments 5,9(b)(ii) and (iii). 
1-Hdryhylbenzimidazolin-2-one (181b) was treated with 
acetic anhydride as described in experiment 5.9(b)(i) to give a 
gummy solid (0,3 g) which was shown by t.l.c. (chloroform) to be a 
multicomponent mixture which could not be crystallised from organic 
solvents. 
3-Benyl1-hydroxy-5-meylbenzimidazolin-2-one (181d) was 
treated with acetic anhydride as described in experiment 5.9(b)(i) 
to give a gum (0.20 g) which on trituration with ether gave a semi-
solid (0.10 g)which was shown by t.l.c. (chloroform) to be a 
multicornponent mixture. 
The ether mother liquors were evaporated to give a gum (0.09 g) 
which was shown by t.l.c. (chloroform) to be a multicomponent 
mixture. 
(iv) 	ydroxy_3_methylbenzirnidazolin-2-one (181a) (0.98 g, 0.006 inoi) 
was treated with acetic anhydride (0.9 ml, 0.009 mol) and the 
0 
suspension was stirred in a water bath at 50 . The temperature of 
the water bath was slowly increased to 1000  over a period of 1.25 h 
during which time the solid slowly dissolved giving a pale brown 
solution. The temperature was maintained at 1000  for 5 min and then 
the reaction mixture was cooled and evaporated to give a brown gum. 
Trituration of the gum with ether-ethanol gave a solid (0.66 g), 
M.P. 195°, 	max  1')0-1680 (co) cm 1 , 	1(CD3 ) 2so] 2.40-3.40 (9 units, 
m, ArH), 6.40.e6.80 (i' units, m, N.CH3) and 7.76 (3 units, d, J 2.5 
Hz, O.Ac), identical [i.r. and 1 11 n.m.r. spectrum (CF 3 0002H)] with 
the product obtained by heating the N-acetoxybenzimidazlinone 
(190a) in toluene (page 2U1. Attempts to crystallise the solid from 
glacial acetic acid or ethanol-glacial acetic acid resulted in the 
formation of an intractable gelatinous precipitate. The solid was 
unchanged (identical i.r. spectrum) after trituration with saturated 
aqueous sodium hydrogen carbonate, and gave no colour with ferric 
chloride in ethanol. 
The ether-ethanol mother liquors were evaporated to ge 
6_àcetoxy-1-metbenzimidazolin-2-one (196a) (0.28 g) (23%), 
M.P. 1990  (from ethanol), identical (i.r. spectrum) with a sample 
obtained before. 
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The Attempted Reaction of 1-Hydroxy--3-methylbenzirnidazolin-
2-one (181a) with Acetic Anhydride in the Presence of Concentrated 
Sulphuric Acid 
The 1-hydroxybenzimidazolinone (181a) (0.5 g) (0.003 mol) was 
treated with acetic anhydride (0.5 ml, 0.005 mol) at room temperature 
and one drop of concentrated sulphuric acid was added. A 'vigorous 
exothermic reaction took place and a dark brown solution was obtained 
which was allowed to stand at room temperature for 20 mm. The 
reaction mixture was evaporated to give an intractable black tar 
(0.5 g) from which no solid could be obtained. 
The Açylation of 2-Cyano-1-hydroxybenzimidazole (178a) 
The benzimidazole (178a) (0.53 g, 0.0033 mol) was heated under 
reflux with acetyl chloride (7.5 ml) in glacial acetic acid (7.5 ml) 
for 2 h. The reaction mixture was cooled and evaporated to give 
1_acetçy2-cyanobenzimidazole ( 1 97) as a colourless solid, (0.67 g) 
(ioc%), m.p. 830 , V jyjç 2220 (CN) and 1815 (cyclic N.OAc) cm- 1.  
On attempted crystallisation from ethanol, the N-acetoxy compound 
(197) was hydrolysed to 2-cyano-1-hydroynzimidazolc (178a) 
identical (i.r. spectrum) with an authentic sample. 
The benzimidazole (1780 (1.59 g, 0.1 mol) was heated under 
reflux in acetic anhydride (5.0 ml) for 3 h. The reaction mixture 
was cooled and evaporated to give the starting benzimidazole (178a) 
(1.58 g) (99%), m.p. 2250 , identical •(i.r. spectrum) with an 
authentic sample. A small amount (0.01 g) of the N-acetoxy compound 
(197), m.p. 820 , )) 
m 
 2220 (eN) and 1815 (cyclic N.OAc) cm-  was 
recovered from the gland of the rotary evaporator, and was identical 
(i.r. spectrum) with the N-acetoxy compound (197) obtained before. 
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(e) Reactions of 1-Hydroxybenzimidazolin-2-ones with Acetyl Chloride 
1_Hydroxy-3-.methylbenzimidazolin-2-one (181a) (0.17 g, 0.001 mol) 
was heated under reflux with acetyl chloride (2.5 ml) in glacial 
acetic acid (2.5 ml) for 2 h. The reaction mixture was cooled and 
evaporated to yield 1_acetyl-5-chloro-3-methylbenzimidazOlin-2-Ofle 
(196c) as co1ourles prisms (0.18 g) (80%), m.p. 17140 (from ethanol), 
V 	17140_1700 br (N.Ac and co) cmt(CDCL,) 1.92 (111, d, max 
ortho8' Hz, H-7), 2.90 (111, dd, J 	8.5 Hz, meta  2.5 Hz, H-6), ortno 
3.06 (iN, d, 1
meta  2.5 Hz, H-k), 6.66 
(311, a, N.CH3) and 7.28 (311, 
S i N. Ac) . 
Found: C, 53.14; H, 14.0; N, 12.5% 
C 10H9C1N202 require:,: C, 53.14; 11, 14.0; N, 12.5%. 
The conditions and quantities used in this experiment were used 
in experiments 5.9(e)(ii)-(iv). 
1-Hydrox-3-phenybenzimidazolin-2-one (181b) afforded 
1_acetyI-5-chloro-3-phenyThez_i±dazolin-2-one_(196d) as colourless 
prisms (100%), m.p. 150 0 (from ethanol), V max  17140 (N.Ac) and 
1705 (Co) 	(cDC13) 1.81 (111 9 d, J ortho  8.5 Hz, 11-7), 
 2.140-2.60 
(511, m, ArH), 2.84 (iii, dd, J ortho 	meta 8.5 
Hz, J 	2.5 Hz, 11-6), 
3.05 (111, d, J meta  2.5 Hz, H-k) and 7,22 
(311 , a, N.Ac). 
Found; C, 63.0; H, 3.8; N, 9.9%: M 286 (288) 
C 1511 11C1N202 
requires: C, 62.8; H, 3.8; 	, 9.8%: M 286.5. 
3-Benzyl-1-roxybenzimidazolin-2-cne (181c) gave 
1_acety1_3benzyl-5-cilqzimidazolin-2-one (196e) as colourless 
needles (100%), .m.p. 1214 0 (from ethanol), Vmax 1735 (N.Ac) and 
1705 (co) cm, 	(CDc13 ) 1.93  (111, d, J ortho 8.5 Hz, 11-7)1• 2.71 
(511, a, Aril), 2.96(1H, dd, Jortio  8.5 Hz, J 	2.5 Hz, 11-6), meta 
3.17 (111, d, J meta 
 2.5 Hz, H-k), 5.02 (211, s, cH) and 7.2+ (311, a, N.Ac). 
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Found: C, 63.6; H, 4.3; N, 9.y%,: M 300 (302) 
C 10 13C1N202 requires: C, 63.9; H,  1+.3; N, 9.3%: M 300.5. 
(iv) 3_Benzyl_1_hydroxy-5-methylbeflZimidaZOlifl-2-Ofle (181d) gave 
1_acetyl_3_benzyl_6_ChlOrO_5-methYlbeflzimidazO].ifl-2-Ofle (196f) 
(99%), m.p. 115 (from ethanol),)) max  1740 (N.Ac) and 1700 (CO) 
cm, 
't (GDC13) 1.78 (1W, s, H-7), 2.60-2.80 (5F1, m, ArH), 3.28 (IH, a, H_It), 
4.99 (211, a, CH 2),  7.23 (311, s, N.Ac) and 7.66 (3H, s,CH 3), M 314 
(316), (i 3 11+.5). 
On crystallisation from ethanol-glacial acetic acid, the 
compound was deacetylated to afford 3-benl-6-chloro-5-methyl-
benzimidazolin-2-one (19 	as colourless prisms m.p. 2510. 
Found: C, 66.4; H, 4.8; N, io.It: M4 272 ( 273) 
C 15H 13C11420 requires: C, 66.1; H, 14.8; N, 10.3%: 14 272.5. 
(f) Reactions of 	ydroxbenzimidazo1in2-OneS with Acetyl Bromide 
(i) 1_jyoxy_3_rnetyLbenzimidazolin-2-One (181a) , (0.16 g) (0.001 niol) 
was heated under reflux with acetyl bromide (2.5 ml) in glacial 
acetic acid (5.0 ml) fcr 2 h. The reaction mixture was cooled and 
evaporated to give a clear gum (0.18 g) which on trituration with 
ether gave 1_acet5_bromo-3_methylheflzirnidaZOlifl-2-Ofle (196h) as 
cream coloured prisms (0.08 g) (31%), m.p. 169 0 (from ethanol-
glacial acetic acid), V 	 1760-1700 (CO) crn, T(cnc1 3) 1.98 (1;!,max 
d, J ortho 
 8.0 Hz, 11-7), 2.77 (111, dd, J ortho  8.0 Hz, J meta 2 -5 lizi 
11-6), 2.92 (111, d, J meta 
 2.5 Hz, H-k), 6.66 (311, a, NOCH3) and 
7.28 (311, a, N.Ac). 
Found: C. 1+4.7 ; H, 3.3; N, 10.3%: M 268 (270) 
C 10H9BrN 2O 2 requires: C, 44.6; H, 3.3; N, 10.4%: 14 269. 
The ether mother liquors were evaporated to give a clear 
gum (0.09 g) which was shown by t.l.c. (chloroform) to be a 
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multicomponent mixture. Trituration with organic solvents or with 
saturated aqueous sodium hydrogen carbonate failed to produce any 
further solid. 
The conditions and quantities described in this reaction were 
used in reactions 5.9(f)(ii) and (iii). 
1_Hydroxy-3elbenzimidazolin.-2-one (181b) gave a colourless 
semi-solid (0.31+ g), 1) max
1750-1720 br (Co), T(CDC13) 1.86 0 unit, 
d, J ortho 
 8.0 Hz, ArH), 2.30-3.10 (13 units, m, ArH), 7.2+ (3 units, 
a, N.Ac). The integration of the 1H n.m.r. spectrum indicated that 
the solid was a mixture. This was also shown by the t.l.c. (chloroform) 
of the solid which showed that it was a two component mixture. 
The solid (0.3 g) was dissolved in the minimum quanitty of hot 
acetic anhydride (0.5 ml) and the solution was heated in a boiling 
water bath for 5 mm, cooled and evaporated to give a colourless 
solid (0.28 g) rn.p. 120-1850 '' , 	
171+0-1700 br (co) cm- . The 
integration of the 111 n.m.r. spectrum and the t.l.c. (chloroform) 
of the solid indicated that it was a two component mixture. Attempts 
to crystallise the solid from organic solvents were unsuccessful. 
3Benzyl-1-hydroxyrizimidazolin-2-one (181c) gave a colourless 
semi-solid (0.3 g) which solidified on trituration with ether to 
give a colourless solid (0.1 g) m.p. 120-165 ° , 	17140_1700max 
(Co) cm- I , 11( CD 3 ) 2 SO]  2.01+ (1 unit, d, Jortho  8.0 Hz, ArH), 
2.50-3.20 (ii units, m, ArH), 1+.90 (2 units, s, OH2), 1+99 0 unit, 
s, CH) and 7.31+ (3H, a, N.Ac). The ratio of the signals due to the 
methylene groups indicated a 2:1 mixture and the t.l.c. (chloroform) 
of the solid showed the presence of three components. Crystallisation 
from ethanol failed to effect purification of the solid. 
The ether mother liquors were evaporated to give a colourless 
solid (0.1 g), which was shown by t.l.c. (chloroform) to be a 
19 
multicomponent mixture. 
(g) Reactions of 1-Hydroxybenzimidazoliri-2-ones with Benzoyl Chloride 
1_Benzoyloxy-3-benzylbenzimidazolin-2-One (196m). 
3_Benzyl.1-hydroxybenzimidazolin-2-One (181c) (o.48 g, 0.002 mol) 
was treated with 2N aqueous sodium hydroxide (40 ml) giving a suspension 
of its sodium salt, Benzoyl chloride (0.73 g, 0.6 ml, 0.005 mol) was 
added, and the mixture was shaken vigorously at room temperature for 
I h. The colourless solid was collected and washed with water to give 
the 1.benzoyloxybenzimidazolin-2-Ofle (196m) as colourless needles 
(0.50 g) (73%), m.p. 2560 (from ethanol), 	1770 (N.o.co.Pb) andmax 
1740 (Ca) cm- 1 . T (CDC13) 1.66-1.88 (2H, m, ArH), 2.20-3.20 (12H, m, 
Arli) and 4.89 (2H, E 1 Cu 2). 
Found: C, 73.0; H, 4.7; N, 8.0%: M 34'+ 
C21H 16N203 requires: C, 732; H, 4.7; N, 8.1%: N 344. 
5_Benzoyloxy3pheny,benzimidaZOlifl-2-ofle (196n) 
(181b) (0.45 g, 0.002 inol) 
was treated with 2N aqueous sodium hydroxide (20 ml) giving a 
suspension of the sodium salt. Benzoyl chloride (0.36 g, 0.3 ml, 
0.0026 mol) was added and the mixture was shaken vigorously at room 
temperature for I h. The gummy solid obtained was washed with water 
by decantation and dissolved in ethanol (10 ml). The mixture was 
heated under reflux for 15 mm, cooled and evaporated to gi' a 
residue which smelled of ethyl benzoate. Toluene was added and the 
mixture was evaporated under reduced pressure until the ethyl 
benzoate had been removed. The gummy residue was crystallised from 
ethanol-glacial acetic acid to give the 5.-henzoyloxy compound (196n) 
as cream coloured prisms (0.35 g) (53%), n.p. 265° , V 	 3200-2800max 
br (OH) and 1720 (Ca) cM
-1
, 't'(CF3.CO2H) l.66_i.8L+ (2H, m, ArH), 
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2.20-2.6O (911, m, ArH), 2.78 (IH, dd, J ot 0 	 meta 
8.0 Hz, J 	2.5 Hz, H-6) 
and 2.98 (111 1 d, J meta  2.5 Hz, H-k). 
Found: C, 73.1; H, 4.3; N, 8.9%: M 330 
C2OHIkN2O3 requires: C, 72.7; H, 4.3; N, 8.5%: M 330. 
Evaporation of the ethanol mother liquors gave an intractable 
gum (0.1 g) which failed to yield any solid rnatei 4 al on trituration 
with organic solvents. 
(h) Reactions of 1HydroxybenzimidaZOlifl-2-OfleS in the Presence of 
Toluene.-p-sulphonyl Chloride 
(1) 1_Hydroxy_3_methylbeflZimidaZOlifl2-One (181a) 
A solution of the N-hydroxybenzimidazolinOne (181a) (1.23 g, 
0.0075 mci) in redistilled pyridine (10 ml) was treated at room 
temperature w.th toluene-p-sulphony]- chloride (1.71 g, 0.009 mol). 
An exothermic reaction took place and a crystalline solid began to 
separate from the solution. The reaction mixture was stirred at 
room temperature for 15 h and the solid was collected and washed 
with ether to give 1_(3_methyl_2_OxObeflZimidaZOiifl-5PYrid 1 fl 1 
chloride (202) as cream coloured prisms (1.05 g) (54%), m.p. 320-330
0 
 
(decomp.) (from ethanol), V 	 3350 br (OH, NH), 1 690- 1 680 (co) crn',max 
t(D20) 0.74-0.90 (211, m, ArH), 1.08-1.30 (111, m, ArH), 1.58-1.80 
(211, m, ArH), 2.56-2.70 (311, m, ArH) and 6.65 (311, a, N.CH 3). 
n.m.r. internal standard: the sodium salt of 
3-( trimethyisilyl) -propane suiphonic acid. 
Found: C, 52.8; H, 5.0; N, 14.1%: M 226 
C.13H 12C1N30 requires: C, 59.7; 11, 4.6; N, 16.1%: 11 261.5 
14 (cation) 226 
The mother liquors were evaporated to give a brown intractable 
gum (1.0 g) which was shown by t.l.c. (chloroform) to be a 
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inulticomponent mixture. 
The pyridinium salt (202) (0.1 g) was dissolved in 5M aqueous 
hydrochloric acid giving a pale yellow solution. The acidic solution 
was extracted with chloroform but no colour was extracted into the 
chloroform. 
The pyridinium salt (202) (0.1 g) was dissolved in 3M aqueous 
hydrochloric acid (1.0 ml) and the pale yellow solution was basified 
with 3M aqueous sodium hydroxide giving a deep yellow solution. The 
basic solution was extracted with chloroform but no colour was 
extracted into the chloroform. 
A solution of the pyridinium salt in water (1.0 ml) was treated 
with silver nitrate solution (0.5 ml) giving a white precipitate. 
A solution of the benzimidazolinone (188a) (0.1 g) in ethanol 
was treated with ethanolic silver nitrate. No precipitate was 
obtained. 
(ii) 
A solution of the N.hydroxybenzimidazolinone (181d) (0.64 g, 
0.0025 moi) in redistilled pyridine (5.0 ml) was stirred in an ice 
bath and treated with toluene-psuiphonyl chloride (0.57 g, 0.003 mol). 
The brown solution was stirred at room temperature for 15 h and 
evaporated to give a brown gum (0.81 g) which failed to give any 
solid material on trituration with organic solvents or with water. 
The gum was dissolved in chloroform and the extract was washed with 
water and evaporated to give a brown gum (0.55 g) which was shown by 
t.l.c. (chloroform) to be a multicomponent mixture. Trituration with 
organic solvents failed to produce any solid. The gum was redissolved 
in chloroform and the extract was washed with 3M aqueous sulphuric 
acid and evaporated to give a brown gum (o.k g). Trituration with 
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organic solvents failed to produce any solid material. 
A solution of 1ydroxy_3_metIylbenzimidaZOlifl-2-Ofle (181a) 
(0.33 g, 0.002 mol) in 10% w/v aqueous sodium hydroxide solution 
(5.0 ml) was treated with stirring with toluene-p-sulphonyl chloride 
(0.42 g, 0.0022 mol). The reaction mixture was stirred at room 
temperature for I h, cooled in an ice bath and aidified with 5M 
aqueous hydrochloric acid. A black tar was obtained which was 
extracted into chloroform. The extract was washed with water and 
evaporated to give a brown intractable gum (0.35 g) which was shown 
by t.l.c. (chloroform) to be a multicomponent mixture. Trituration 
With organic solvents failed to produce any solid material. 
A solution of the N-hydroxybenzimidazolinone (181a) (0.33 g, 
0.002 mol) in chloroform (15 ml) was treated at room temperature with 
toluene-p-sulphonyl chloride (0.38 g, 0.002 mol). The solution was 
heated under reflux for 10 mm, cooled and evaporated to give a 
colourless solid which on trituration with ether gave a quantitative 
yield of the starting N-hydroxybenzimidazolinone (181a) 2 m.p. 200° , 
identical (hr. spectrum) with an authentic sample. 
The Attempted Clearge of the Pyridinium Salt (202) 
The salt (202) (0.52  g, 0.002 mol) was heated under reflux in 
methanol (10 ml) containing piperidirie (5.0 ml) for 3 h. The reaction 
mixture was cooled, evaporated and extracted with chloroform. The 
chloroform extract was washed with 5M aqueous hydrochloric acid and 
evaporated to yield a black intractable gum (0.5 g) which was shown 
by t.l.c. (chloroform) to be a multicomponent mixture. Trituration 
with organic .solventsfailed to produce any solid material. 
The acidic washings were taken to pH 7 by the addition of IM 
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aqueous sodium hydroxide solution and extracted with chloroform. 
Evaporation of the chloroform yielded no material. The aqueous phase 
was basified with IM aqueous sodium hydroxide solution and extracted 
with chloroform. No material was obtained on evaporation of the 
chloroform extract. 
Ci) The Attempted Reaction of 
(181a) with Phosphorus 0xychloride 
A solution of the N-.hydroxybenzimidazolinone (181a) (0. 1+9 g, 
0.003 mol) in chloroform (50 ml) was cooled in an ice bath and 
treated dropwise with stirring with a solution of phosphorus 
oxychioride (0.1+1 ml, 0.00 1+5 mol) in chloroform (2.0 ml). The 
reaction mixture was heated under reflux for 1+ h, cooled and 
evaporated. The residue was treated with ice (2.0 g), neutralised 
with saturated aqueous sodium hydrogen carbonate solution and 
extracted with chloroform to give a pale brown solid (0.95 g) which 
was contaminated with triethyiphosphate, i.r. spectrum identical with 
an authentic sample. The solid was washed with ether to afford the 
N-hydroxybenzimidazolinone (181a) (0.1+8 g) (98%) rn.p. 2010, identical 
(i.r. spectrum) with the starting material. 
A solution of the 1-hydroxybenzimidazolin-2-one (181a) (0.1+9 g, 
0.003 mci) in 1,2-dichioroethane (50 ml) was treated with p}'osphorus 
oxychioride (0.68 ml, 0.0075 mol) as described in the previous 
experiment to give a brown gum (0.19 g) which was shown by t.l.c. 
(chloroform) to be a multicomponent mixture. Trituration with 
organic solvents failed to produce any solid material. The aqueous 
sodium hydrogen carbonate washings were acidified with 5M aqueous 
sulphuric acid and extracted with chloroform but no further material 
was obtained. 
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5.10 Reactions of 1-Acetoxy-3-substituted benzimidazolin-2-Ones 
(a) Reactions in Ethanol 
(i) 1_Acetoxy_3_methyLbenzimidazOlifl-2-Ofle (190a) (0.5 g) was heated 
under reflux in ethanol (5.0 ml) for 2 h. The solution was allowed 
to cool and the solid which crystallised from the ethanol was 
collected, washed v.ith water and dried in vacuo to yield 5-acetq 
3_methylbenzimidazolin-2-One (196a) as cream coloured prisms (0.26 g) 
(52%), M.P. 1990 (from ethanol), V max 1750 (C.OAc) and 1 690 (Co) cm- 1 
r[(cD3) 2co] 3.02 (1H, d, J ortho  8.0 Hz, H-7), 3.18 OH, d, J meta  2.0 
Hz, H-k), 3.32 OH, dd, J ortho 8.0 Hz, Jmeta  2.0 Hz, H-6), 6.72 (3H, 
S, N.CH3) and 7.80 (3H, s, OAc). 
Founth C, 58.3; H, 4.9; N, 13.9%: M 206 
C10H10N203 requires: C, 58.3; H, 4.9; N, 13.6%: M 206. 
The ethanol mother liquors were evaporated to give a brown 
intractable gum (0.23 g) which was shown by t.l.c. (chloroform) to 
be a multi.component mixture. Trituration with organic solvents 
failed to produce any further solid. 
(ii) 1_Acetoxy_3_benzylbenzimidaZOlifl-2-One (190b) (0.5 g) was heated 
in ethanol as described in reaction 5.10(a)(i) to give a colourless 
solid more of which was obtained by evaporation of the ethanol mother 
liquors. Crystallisation from ethanol afforded 5-acetoxy--3- 
bzirnidazolin-2-One_(196b) as colourless elongated prisms 
(o.48 g) (96%), M.P. 208° , V 	 1755 (C.OAc) and 1710-1670 (co) cm,max 
[c 3 s] 2.73 (5H, a, ArH), 3.02 (111, d, J ortho  8.5 Hz, 11-7), 
3.13 (iii, a, Jmeta 2.0 Hz, H-k), 3.30 (IH, dd, J ortho 8.5 Hz, Jine'ca 
2.0 Hz, 11-6), 5.04 (211, s, CH2) and 7.81 (311, a, 0.Ac). 
Found: C, 67.6; H, 5.0; N, 9.9 0/9. h 282 
16 11 14 N 20 3 
 requires: C, 68.1; H, 5.0; N, 9,9%: M 282. 
(iii) 1_Acetoxy_3_benzyl_5_methylbeflZimidaZOlifl2-Ofle (190c) (0.5 g) 
was heated in ethanol as described in reaction 5.10(a)(i) to give 
6-acetoxy-3-benzyl-5-methylbenzimi dazolin-2-one (196n) as colourless 
elongated prisms (0.12 g) (24%), m.p. 1850 (from ethanol), 'i) max 
1740 (C.OAc) and 1 690-80 (co) cm 1 , t [(CD3) 2SO] 2.72  (511, a, ArH), 
3.10 (1H, a, ArH), 3.28 (111, 8 ArH), 5.04 (2H, :, CH 2),  7.76 (311, a t 
OAc) and 7.96 (311, s, CH 3). 
Found: C l 693; H, 5.6; N, 9.5% 
C 17H 16N 203 requires: C, 68.9; H, 5.4; N, 995%. 
The ethanol mother liquors on evaporation gave a brown gum 
(0.27 g) which was shown by t.l.c. (chloroform) to be a multicomponent 
mixture. Trituration with organic solvents failed to produce any 
further solid material. 
Reaction in Benzene 
1_Acetoxy_3.n1ethylbenzinhidazOlifl-2-Ofle (190a) (0.5 g) was heated 
under reflux in benzene (k.O ml) for 1 h. The reaction mixture was 
evaporated to give the starting N-acetcxy compound (181a) (0.5 g, 
m.p. 1180 , identical (i.r. spectrum) with the starting material. 
Reaction in Toluene 
1_Acetoxjy_3_metylbenzimidaZOlifl-2-Ofle (190a) 
(0.17  g) was heated 
under reflux in toluene (7.0  ml). The amount of insoluble material 
present increased with time and after I h the t,l.c, (chloroform) 
of the reaction mixture indicated that the starting material had 
been entirely consumed. The insoluble material was collected to 
give an unidentified cream coloured solid (0.17 g), m,p. 1 85- 1 95
0 
, 
V max 174O_1700 br (CO) cm, 't (CF 30 002H) 2.26-3.06 (2 units, in, ArH), 
• 0_6 +6 (2 units, in, N.CH3) and 7.56 (1 unit, d, 2.5 Hz, 0.Ac). 
The doublet at 7.56 was irradiated but there was no 
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I-, 
observable change in the spectrum. 
Attempts to crystallise the solid were unsuccessful. With 
ethanol and with glacial acetic acid a gelatinous precipitate was 
obtained. 
The toluene mother liquors were evaporated to give 5-acetox 
methylbenzimiaazol1:1_2one (196a) (0.2 C,  g) (59%), in.p 1970 ,   identical 
(i.r. spectrum) with an authentic sample. 
(a) Reaction in Glacial Acetic Acid 
1-Acetoxy-3-methylbenzimidazolin-2-one (190a) (0.5 g) was heated 
in glacial acetic acid (1.0 ml). The initially colourless solution 
slowly darkened as the temperature was raised and an exothermic 
reaction took place. The reaction mixture was heated under reflux 
for 0.5 h, cooled and evaporated to yield a brown gum (0.5 g) which 
on trituration with ether-methanol gave -acetox-methyl- • 
/ 
benzimidazolin-2-one (196a) (0. 1+0 g) (80%), m.p. 196
0  (from ethanol), 
identical (i.r. spectrum) with a sample obtained previously. 
The mother liquors were evaporated to give a brown intractable 
gum (0.06 g) which was shown by t.l.c. (chloroform) to be a 
multicomponent mixture. 
(e) Reaction with Sodium Acetate in Glacial Acetic Acid 
A solution of 1_acetoxy-methyihenzimidazo1in-2-one (190a) 
(0.1+1 g, 0.002 mol) in glacial acetic acid was treated dropwise with 
stirring at room temperature with a solution of fused sodium acetate 
(0.35 g, 0.001+ mol) in glacial acetic acid (5.0 ml). 
The colourless solution was stirred at room temperature for 2 h 
and then evaporated under reduced pressure using a hot water bath. 
As the temperature of the water bath increased, the colourless solution 
became dark brown. The gummy residue obtained was extracted into 
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chloroform. The extract was washed with saturated aqueous sodium 
hydrogen carbonate, and evaporated to give a brown gum (0.34 g) 
which on trituration with ether-methanol gave 5-acetopiethyl-
benzimidazolin-2-one (196a) (0.15 g) (30-1), m.p. 1970 (from 
ethanol), identical (i.r. spectrum) with a sample obtained previously. 
The ether-methanol mother liquors were evaporated to give an 
intractable brown gum (0.18 g) which was shown by t.l.c. (chloroform) 
to be a inulticornponent mixture. Trituration with organic solvents 
failed to produce any solid. 
The aqueous sodium hydrogen carbonate washings were acidified 
with 3M aqueous sulphuric acid and extracted with chloroform to give 
an intractable brown gum (0.02 g). 
(f) The Reaction of 1-Acetoxy-3-rnethylbenzimidazolin-2-one (190a) 
with Propionic Acid 
1-Acetoxy-3-methybenzimidazolin-2-one (190a) (0.5 g, 0.0025 mol) 
was warmed in propionic acid (1.0 ml). As the.temperature was raised, 
an exothermic reaction took place and the reaction mixture boiled 
and became dark brown. The reaction mixture was heated under reflux 
for 15 mm, cooled and the residue was triturated with ethanol-ether 
to give a solid (0.15 g), 't (CF 3.CO2H) (60 Mhz 1H n.m.r. spectrum) 
2 . 403. 13 (5 units, m, ArH), kOkk (5 units, s, N.CH 3), 7.25 (2 units, 
q, J 7.0 Hz, CH2), 7.52 (1 unit, s, OAc) and 3.63-0 units, t, CH3). 
The 111 n.m.r. spectrum indicated that the solid was a mixture 
of the 5-acetoxy and the 5-propionyloxy compound in the ratio 1:3 
respectively. The mixture crystallised unchanged (identical i.r. 
spectrum) from ethanol-glacial acetic acid. 
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The Attempted Reaction of 1-Acetoxy-3-metybenzimidazolin-
2-one (190a) with Acetic Anhydride 
A suspension of 1_acetoxy-3-methylbenzimidazolifl-2-Ofle (190a) 
(O.L+i g, 0.002 rnol) in acetic anhydride (0.25 ml, 0.0025 mol) was 
n o 	 0 heated in a water bath at 05 for 10 mm, and then at 100 for 
5 mm. A pale bro -ri solution was obtained which on cooling deposited 
a cream coloured solid. This was collected, washed with water and 
dried to yield the starting 1-acetoxybenzimidazolinone (190a) (0.3 8 g) 
(93%), m.p. 116° , identical (i.r. spectrum) with the starting 
material. 
The Attempted Reaction of 1 _Acetoxy-3-methylbenzimidazolifl -2-Ofle 
(190a) with Sodium Cyanide in Ethanol 
A solution of 1_acetoxy_-methylbenzimidazolin-2-0fl(190 
(0.41 g, 0.002 mol) in ethanol (25 ml) was treated at room temperature 
with a solution of sodium cyanide (0.1 g, 0.002 mol) in water (1.0 ml). 
The colourless solution was stirred at room temperature for 2 h and 
evaporated at room temperature. The residue was dissolved in water, 
and the solution was acidified with 511 aqueous hydrochloric acid to 
give a colourless precipitate which was collected, washed with water 
and dried in vacuo to afford 1_hydroxv--methylbenzirnidaz0lifl-2-OflC 
(181a) (0.3 1 g) (95561), m.p. 201 0 , identical (i.r. spectrum) with a 
sample obtained previously. 
(ii) A solution of 1_acetoxy-3-mçylbenzimidazolin-2Ofle (190a) 
(o.ki g,  0.002 mol) in warm ethanol (5.0 ml) was treated with a 
solution of sodium cyanide (0.2 g, 0.004 rnol) in water (1.0 ml). 
The solution was heated under reflux for I h and then allowed to 
cool. The solid which crystallised out was collected, washed with 
ethanol (1.0 ml) and dissolved in water (2.0 ml). Acidification 
201+ 
with 5M aqueous hydrochloric acid gave a cream coloured precipitate 
which was collected, washed with water and dried in vacuo to yield 
1_hydroxy_3_methylbenzimidazOlifl-2-Ofle (181a) (0.15 g) ( 1+60/60, 
m.p. 201° , identical (i.r. spectrum) with a sample obtained previously. 
The ethanol mother liquors were evaporated and the residue was 
dissolved in water. Acidification with 5M aqueots hydrochloric acid 
gave a further crop of 1_hydroxy.-3_methylbenzimiclazolifl-2-Ofle (181a) 
(0.13 g) (1+0%), m.p. 200
0 





Infra red spectra were measured for nujol suspensions or thin 
films using a Pye-Unicam S.P. 200 Spectrophotometer; bands were 
either strong or very strong unless otherwise specified (v) as weak 
or (br) broad. 
Nuclear magnetic resonance spectra ( 1 H n.m.r,) were measured at 
100 Mhz using a Varian HA 100 instrument. The temperature used was 280 
and tetrainethylsilane was used as internal standard. Chomical shifts 
are given in T values, s = singlet, d = doublet, dd = double doublet, 
in = multiplet, q. = quartet and t = triplet. 
Mass spectra were measured at 800 Ky on an A.E.I. MS 902 
instrument. 
Microanalyses were carried out by Alfred Bernhardt, West Germany, 
the National Physical Laboratory and by Mr. Brian Clark and 
Mr. John Grunbauin, Department of Cherli8try, University of Edinburgh, 
Melting points (uncorrected) of all analytical samples were determined 
on a Kofler block. 
Thin layer chromatography (t.i.c0) was carried out over silica 
and the solvent which was used is specified in each case. The t01.c. 
silica was Kieselge]. C.P. 25 nach Stahl. 
Column chromatography was carried out over 5% deactivated 
alumina (Spence type H). 
Solvents were of technical grade and light petroleum had boiling 
point 60-800 . 
Extracts of organic solvents were washed with water and dried 
over MgS0 prior to evaporation under reduced pressure. 
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lovel substitution reactions of 1-N-acetoxy-3,4-dihydro- 
-oxo-2-phenylquinoxalinium perchiorates 
3nieI B Livingstone and George Tennant 
of Chemistry. University of Edinburgh. West Mains Road, Edinburgh EH9 3JJ 
substitution. of the benzene nucleus observed in the 
c ions of 3,4-dihydro-3-oxo-2-phenylquinoxaline 1-N-
es with acylating agents' is unusual in that the site of 
ikk'is not conjugated with the N-oxide centre. These 
cjtions can be rationalised by a mechanism (see Scheme) 
R' 
CNX 	
A ' O 
N 0 XZ HCLO4 	 R 
OAc 
iD 	
/H1 or X - (
M) 
R CI; 
Ct P • MeO I 
liii) 
,olving nucleophilic attack on N-acyloxy intermediates 
rived from initially formed N-acyloxyquinoxalinium salts. 
tese contentions are now supported by the novel substi-
Lion reactions. undergone by N-acetoxyquinoxalinium 
rchlorates (II).* 
Reaction of the 3,4-dihydro-.3-oxo-2-phenylquinoxaline 
N-oxides (la-c; R' = H or Me) at room temperature with 
tic anhydride in the presence of perchioric acid gave high 
lds (80 - 96 per cent) of the yellow to red crystalline 
ichiorate salts (ha-c; R' = H or Me), vmax. 18351830 
+ 
yclic NOAc) cm-', T(CF 3 CO 2H) 776 (311, s, OAc). The 
I's (ha; R' = Me) and (lic; R' = Me) tended to decompose 
pidly at room temperature, whereas the chloro-compound 
[Li; R' = Me) and the NH-derivatives (ha-c; R' = H) were 
latively stable. 
atisfactory analyses and spectral data were obtained for all new 
rnpounds. 
The salt (lib; R' = Me) underwent reaction at room 
temperature with ethereal suspensions of sodium acetate or 
lithium chloride to afford the quinoxalones (hlIb; R' = Me, 
X = OAc) (83 per cent), mp 171°C and (IHb; R' = Me, 
X = Cl) (40 per cent), mp 171°C, whose structures are 
uniquely defined by the absence of ortho or meta splitting in 
the aromatic proton resonances in their 1 H n.m.r. spectra. 
These nucleophilic substitution reactions (and by implication 
Scheme 
tEl 	





R' 	 R' 
Ph 	















the reactions of 3,4-dihydro-3-oxo-2-phenylquinoxalifle 
1-N-oxides with acetic anhydride' and acetyl chloride') are 
explicable by a course (see Scheme) involving the initial 
formation of adducts (IV; X = OAc or Cl) and their con-
version by synchronous attack by acetate or chloride ion and 
loss of the N-acetoxy leaving group into para-quinonoid 
849 
intermediates (VI) and thence by loss of HX into the observed 
products [(IV)->(VI)->(III)]. Alternatively, nucleophilic 
attack on the adducts (IV) is preceded by ionisation to 
resonance-stabilised nitrenium cation intermediates (V) 
[(IV)—(V)—(VI)—(III)]. Such intermediates have been 
invoked' to account for the substitution reactions of certain 
five-membered N-oxygenated benzaza heterocycles and those 
derived from quinoxalines [cf (V)] should show enhanced 
stability owing to the greater opportunity for resonance. 
Nucleophilic substitution of the salts (II) is not confined to 
anions but also occurs readily with amines and with alcohols. 
Thus, the salts (ha and b; R' = Me) underwent reaction with 
diethylamine in acetonitrile under reflux to afford moderate 
yields of the quinoxalones (lila; R' = Me, X = Et 2N) 
(33 per cent), mp 153°C and (ihIb; R' = Me, X = Et 2N) 
(45 per cent), mp 83°C. The salts (ha and b; R' = H or Me) 
underwent reaction in general with hot methanol or ethanol 
to afford the corresponding 6-alkoxy-3,4-dihydro-3-oxo-
2-phenylquinoxalines. Typical products and yields are shown 
in the Table. The failure of the strongly electron-donating 
methoxyl group in the salt (Ile; R' = H) to inhibit its con- 
Chemistry and Industry, 1 SeptemIr 1: 
Table 6-Alkoxy-3,4-dihydro-3-oxo-2-phenyjqujnoxaljnes 
Compound Yield Mp(°C 
(per cent) 
(lila) R' = H, X = OMe 73 240 
(lila) R' = Me, X = OEt 58 111 
(lHb) R' = Me, X = OMe 77 188 
(Ilib) R' = H, X = OEt 57 279 
(Ilic) R' 	H, X = OMe 50 255 
version into the dimethoxyquinoxalone (Ilic; R' = H, X 
OMe) (see Table) demonstrates the facility of these reactic 
Dr B. K. Snell (Plant Protection Limited) is thanked 
discussions and Plant Protection Limited for a mainteia: 
award (to D. B. L.) and for financial support. 
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• Synthesis and Reactivity of N1HIydroxybenzimidazo1ones 
By DANIEL B. LIVINGSTONE and GEORGE TENNANT* 
(Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 3Jj) 
Summary Base-catalysed cyclisation of N-substituted In a simple extension of previously reported 2 cyclisation, 
2-nitroanilinoacetonitriles affords N-hydroxybenzimida- heating (1a) 8 with aqueous ethanolic sodium carbonate 
zolones which react with acylating agents to yield 5-sub- afforded the benzimidazole (3) (77%), m.p. 232 0. The 
stituted benzimidazolones. 
R 
FIVE-MEMBERED N-oxygenated benzaza-heterocycles are 
poteitial sources of heterocyclic mtrenium cations.' In 
this context, N-oxygenated benzimidazoles are of par- 	 + 
ticular interest because in these substrates the second 
j 




HN L JNcH2CN P4 	 _Heat •'-•- 'NO2 0 	 (7) qAc (1)  
(2) 
(aN 	 0 
	












Br >O Ph 11Ijt1 
02 CM O(N> 	 (10) 	 R 	
2)Ac 
OH c0 :> R 
(5) 	 (6) 
a; H 
nitrogen atom should exert a stabilising effect on nitrenium 	b; Me 	
Ac 
ion formation. We now describe a general synthetic route 01) 
to the N-hydroxybenzimidazolones (4) and their novel 	C CH2 Ph 
reactivity towards acylating agents. 	 d; Ph 
f Satisfactory analysis and spectral data were obtained for all new compounds. 
CHEM. COMM., 1973 
enyl derivative (5) cyclised to (6) (19%), 4 lending sup-
to the mechanism suggested 6  for the cyanide-catalysed 
ation of (6) from benzylidene-2-nitroaniline. On the 
r hand, heating the N-substituted compounds (lb—d) 
aqueous ethanolic sodium carbonate gave good yields 
-75%) of the cyclic hydroxamic acids (4b), 6 m.p. 203°, 
m.p. 172°, and (4d), m.p. 216° which showed enhanced 
ity and gave characteristic green colours 7 with FeC13 in 
H. The formation of the N-hydroxybenzimidazolones 
rather than the N-oxides (2) in these reactions is in 
rd with the ready base-catalysed conversion of 2-cyano-
thylbenzimidazo1e 1-N-oxide (2b) into (4b). 6 
ie cyclic hydroxamic acids (4) reacted typically with 
ic anhydride at room temperature to afford the N-
oxy-derivatives (7) (>90%) showing characteristically 7 
carbonyl absorption at Ca. 1800 cm.-1 However, 
ylation at elevated temperature took a different course. 
acetic anhydride converted (4c) into the C-acetoxy-
[uct (10) (79%), m.p. 180°, while heating the N-hydroxy-
imidazolones (4b—d) with acetyl chloride in glacial  
97 
acetic acid afforded (70-80%) the corresponding 1-acetyl-5-
chlorobenzimidazolones (11 b—d). Hot acetyl bromide in 
glacial acetic acid converted the hydroxamic acid (4b) into 
the bromo-compound (12) (30%). The 5-position for the 
entering group in the products is supported by the splitting 
pattern of the aromatic proton resonances in their 1H n.m.r. 
spectra. 
The reactions of the N-hydroxybenzimidazolones with 
acylating agents at elevated temperatures are explicable in 
terms of nucleophilic attack on the N-acetoxy-inter-
mediates (7) either concertedly with expulsion of the 
acetoxy-leaving group [(7) .--> (9) -+ (10)—(12)} or after 
ionisation to resonance stabilised nitrenium cations' 
[(7) -i.. (8) -* (9) -* (10)—(12)) and subsequent acetylation. 
We thank Drs. B. C. Cleere and B. K. Snell (Plant 
Protection Limited) for discussions and Plant Protection 
Limited for a maintenance award (to D.B.L.) and for 
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